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THE MEDULLARY Rays. 


THE medullary ray, in the various details of its structure as 
presented radially and tangentially, comprises some of the 
most important features for diagnostic and taxonomic purposes. 
While it presents numerous variations, these are, in the main, of 
such a nature as to give them very positive value for both gen- 
eric and specific differentiations. Primarily the medullary rays 
are to be regarded as a residue of the original fundamental 
structure which has been left over in the genesis of the primary 
stele, but they are capable of reproduction or extension under 
the influence of the cambium in the course of secondary growth. 
In all such cases, however, they are typically composed of the 
same elements which are necessarily parenchymatous. Devia- 
tions from this structure may arise through the introduction of 
other elements, but such alterations always arise in a manner 
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which indicates their relation to the evolution of higher types of 
organization. The ray presents few features of value in the 
transverse section, and these will be sufficiently dealt with in 
the systematic portion! to make further reference to them at this 
time unnecessary. It only remains to point out that those rays 
in the Abietineze which contain resin canals, and which present 
an unusual width, possess no special diagnostic value in this 
plane of section. 

Radial Section.— Viewed radially, the medullary ray is seen 
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Fic. 17.— Pinus palustris. Radial section of a medullary ray showing characteristic pits on the 
lateral walls. a, a thin wall broken out; 4, thick-walled parenchyma; and c, thin-walled paren- 
chyma cells. 280. 


to be composed of a series of cells extended in a radial direction 
and superimposed so as to form a muriform band from one to 
many cells in height. In general terms, the higher the ray the 
lower the component elements, from which it follows that in one- 
celled rays the cells are usually highest ; but this feature is only 
of general interest since it rarely has a bearing upon the chief 
questions at issue. In some cases two structural types may be 


'The systematic portion here referred to, constituting Part II of the present 
series, will appear in the Zyansuctions of the Royal Society of Canada for 1904. 
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recognized — the one containing resin passages, the other devoid 
of such structures. Where such passages occur the structure 
of the ray shows a variation of detail which makes it of no 
value for diagnostic purposes, and it is therefore eliminated from 
the following discussion. 

A feature of primary importance in the constitution of the 
ray is the occurrence of two kinds of parenchyma cells. In 
95% of the genera the upper and lower walls are always thick- 
ened by secondary growth and more or less strongly perforated 
by simple pits (Figs. 174, 21 and 23). This feature also applies 
to 56.1 % of the genus Pinus. It possesses no special value for 
either specific or generic differentiations except so far as it applies 
to cells which are markedly different and justify the special 
terms “thick-walled” and “thin-walled.’”’ It is obvious, then, 
that the thick-walled cell is to be regarded as the normal struc- 
ture for the ray of the Coniferales as a whole, while the thin- 
walled represents the exceptional form which is introduced in 
response to some special demands. Although the thick-walled 
cells occur in the genus Pinus to the extent of 56%, they show 
a diminishing frequency, eventually becoming rare and ultimately 
replaced by thin-walled cells. Reference to them in the follow- 
ing diagnoses is always specified by (1). In 43.9 % of the genus 
the upper and lower walls are thin and absolutely devoid of pits. 
For diagnostic purposes such cells are always referred to as (2). 
In some cases they are so undeveloped as to be obscure and 
readily broken out in the process of section cutting, so that they 
are often entirely wanting (Fig. 17.@).. Such thin-walled cells 
are typically developed in P. palustris, P. teda, etc., and 
it is to be observed that they are always associated with the 
highest forms of development. Transition forms occur. These 
are first seen in the soft pines where occasional thin-walled cells, 
devoid of pits, are interspersed and often coterminous with the 
thick-walled elements. In the hard pines the same relation 
exists, but it is gradually reversed until the thin-walled cells 
altogether predominate. Such gradations are exhibited in P. 
coultert, P. jeffreyt, P. pungens, P. teda, P, cubensis and P. 
inops, and they afford evidence of value as to the sequence in 
development of the species. In P. murrayana, P. cubensis and 
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P. insignis the transition forms exhibit much more detailed 
gradations by virtue of which it is often exceedingly difficult to 
distinguish between the two forms of cell, since whether coter- 
minous or parallel the variations in thickness change in such a 
way that the one type passes gradually into the other. When 
these variations are viewed collectively and taken together with 
the general fact that the thin-walled cells are a feature of the 
higher types of organization, we may reasonably conclude that 
the thin-walled cells have been derived from the thick-walled 
through a process of arrested development. The cause of such 
alterations is to be sought for, and it will doubtless be found in 
connection with another component of the ray. 

The terminal walls of the ray cells present three typical vari- 
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Fic. 18.— Vaxodium distichum. Medullary ray showing the structure and position of the 
— the lateral walls; the straight ray cells and the thin, straight, terminal walls. 
ations: (1) thin-walled and entire; (2) thin-walled and locally 
thickened, and (3) thick-walled and coarsely pitted (see table, 
D of anatomical data). The first feature is a characteristic 
of 52.6 % of all the genera, inclusive of Ginkgo, from Agathis 
to Sequoia, while it also appears in Cupressus and Abies in part 
as exceptional, and in the genus Pinus to the extent of 85.3%. 
The wall presents no secondary growth in thickness, either 
Jocally or generally. In the majority of cases it crosses the line 
of the principal cell axis either at right angles or diagonally, 
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features which are usually of very secondary value, although in 
a few cases, as Taxodium, it may serve a useful purpose as 
an associated character, for differentiation from closely allied 
genera (Fig. 18). In other cases the wall is more or less 
strongly curved. This feature is prominent in Thuya, Cupres- 
sus, Podocarpus, Thujopsis and Cryptomeria, as also in the more 
highly developed hard pines. Toa less extent it also occurs in 
Taxodium, and it constitutes a character of some value for differ- 
ential purposes (Fig. 19). 

The second variant differs from the first in that the otherwise 
thin wall is locally thickened (Fig. 20), the secondary growth 
forming one or more beaded enlargements. This is a feature 
which occurs exceptionally in Abies, Pseudotsuga, Picea and 
Pinus, but it is typical in Cupressus (66.0 %) and Juniperus 
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Fic. 19.— 7huya gigantea. Medullary ray showing the form and disposition of the 
pits on the lateral walls; the thin and curved terminal walls; the cells con- 
tracted at the ends. X 280. 


(72.7 %) where it constitutes a diagnostic element of great value. 
It is in all cases, however, to be regarded as a transitional form 
between the first and the third variants, and from this point of 
view it also possesses a somewhat definite phylogenetic value. 
The third variant is characterized by a marked general, second- 
ary growth of the wall, which thereby becomes more or less 
strongly thickened and traversed by numerous simple pits 
(Fig. 21). It occurs exceptionally in Juniperus and Pinus, but 
it is typical in Abies (90.9 %), Tsuga (100.0 %), Larix (100.0 %) 
and Picea (90.0%). In Abies and Juniperus, where transitional 
forms sometimes occur, the walls in the spring wood may be 
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only locally thickened, but in such cases the typical feature 
always appears in the summer wood where such secondary alter- 
ations are most strongly emphasized. 

For taxonomic purposes, such features possess a definite 
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FiG. 20.— Cupressus macnabiana. Medullary ray showing the form and position of the pits; 
the thin, curved and locally thickened terminal walls. X 280. 


value. The thick-walled cells of Tsuga, Larix and Picea permit 
of an easy and definite segregation of these three genera in those 
cases which otherwise might involve a strong element of doubt, 
and the same rule holds true, though to a less extent, with 


Fic. 21.—/Junipferus occidéntalis. Medullary ray showing the form and disposition 
of the pits on the lateral walls; the thick and coarsely pitted terminal walls. 
280. 


respect to the locally thickened walls in Cupressus and related 
genera. 

Pits on the lateral walls of the ray cells are an invariable 
feature of all investigated species of Ginkgoales and Coniferales, 
including fossil representatives and the Cordaitales. They vary 
very much in form, size and number. In such types as Juni- 
perus, they are most diminutive (Fig. 21) and generally numer- 
ous, while in many of the pines, such as P. restnosa, P. kora- 
zensis or P. reflexa (Fig. 22) they attain to maximum size and 
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occupy nearly the entire surface of the wall within the limits ofa 
wood tracheid, thereby becoming few in number In Sequoia 
(Fig. 23) or Taxodium (Fig. 18) they are typically oval; in 
Pinus cubensis or P. teda (Fig. 24), they are variously lenticu- 
lar, while in P. vestnosa or P. koraiensis they are oval or oblong, 
or even quadrangular. Such variations as a whole, are far more 
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Fic. 22.— Pinus reflexa. Medullary ray showing (a) the form and disposition of the 
pits on the lateral walls; (4) the ray tracheids. X 280. 
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numerous and sharply defined in Pinus than in any other genus 
known. In all the investigated genera, the pit is bordered. 
This finds either partial or complete exceptions in the genus 
Pinus to the. extent of 78.1 % of the species, in which the pits 
are either simple throughout, or they exhibit a more or less 
definite border in the summer wood only. That a border is a 
characteristic feature of fossil representatives, is justified by 
comparison with existing species, but it is not always recog- 
nizable in consequence of the alterations of structure due to the 
general process of petrifaction. Such obliteration not infre- 
quently involves the pit orifice also. It is thus apparent that 
such structures often fail in the determination of fossils. In 
existing species the border is often so faintly defined as to be 
difficult of recognition, and this is especially the case in rays of 
a resinous character. In all such cases, however, the require- 
ments of a correct diagnosis are fully met by the pit orifice. 
The general law of development then, is such that all genera 
except Pinus may be held to be characterized by bordered pits. 
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Their strong tendency to obliteration in that genus is found to 
coincide with the more marked development of ray tracheids 
which undoubtedly assume more completely the original func- 
tions of the parenchyma cells, these latter in consequence, 
suffering constant structural reduction, as in the hard pines. 

In the distribution of the pits an important feature appears in 
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FiG. 23.— Sequoia giguntea. Medullary ray showing the form and disposition of the 
pits on the lateral walls. x 280. 


the numerical variation in different parts of the ray. For diag- 
nostic purposes it is necessary to have reference to the number of 
pits, not upon the entire surface of an individual cell, but within 
the limits of a spring or summer tracheid as the case may be. 
They are invariably most numerous in the region of the earliest 
spring tracheids, usually diminishing toward the summer wood 
where the change may sometimes take place abruptly, and in 
which they are most commonly reduced to one with occasional 
obliteration in the most highly modified tracheids last formed. 
A similar law of distribution is applicable within the vertical 
limits of the ray. When these structures are several cells in 
height, the number of pits is typical, and, within certain narrow 
limits, constant for all except the marginal cells. Thus if the 
normal number is 1-2 for the central cells, it may sometimes 
rise to 4, 6 or 8 in the marginal cells only, and such exceptions 
must be noted in diagnosis. When the ray is only one cell in 
height, the number of pits agrees with that for the marginal 
cells. Such numerical variations possess but little value for 
generic purposes, but as a specific character they may be held 
to constitute the principal differential feature in the last analysis. 
These relations are expressed typically in the genus Sequoia, 
the two species of which may be definitely differentiated.  S. 
gigantea is characterized by oval and commonly narrowly 
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bordered pits, the broadly oblong orifice equal to the outer 
limits of the pit and chiefly parallel with the cell axis, 1-2, 
more rarely 3-4 per tracheid. In somewhat sharp and definite 
contrast to this, S. sempervirens has large, oval, narrowly bor- 
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Fic. 24.— Pinus serotina. Medullary ray showing (7) the ray tracheids with dentate 
walls, (2) the structure of the parenchyma cells, (3) tracheids cotermincus with paren- 
chyma cells. X 280. 


dered pits, 2-6 per tracheid, the round or broadly oblong orifice 
either parallel] with or diagonal to the cell axis. In Libocedrus 
the pits are small, narrowly bordered, oval, with a lenticular, 
diagonal orifice, 1-4 per tracheid. Or again in Larix americana, 
the pits are “2-6 per tracheid becoming distinctly smaller 
toward the summer wood where they are abruptly reduced to 2, 
and finally 1 per tracheid.” In Cupressus pisifera the pits are 
“chiefly 2 in radial series, or in the marginal cells and low rays 
upwards of 6 per tracheid.” In Zaxodium distichum the pits 
are round, conspicuously bordered and large, with a very nar- 
rowly lenticular and diagonal orifice which is often as long as 
the outer limits of the pit. But in the analytical key it will be 
observed that this genus is naturally brought into close relations 
with Sequoia which is also distinguished by large, bordered pits. 
The ultimate differentiation then rests upon the fact that in the 
latter, the pits are ova/, the border often xarrow, sometimes 
obscure, while the olbong or lenticular, usually rather broad 
orifice is generally parallel with the cell axis. Asa final illustra- 
tion the four pits of Péxus monophylla, or the 1-5 throughout, 
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finally reduced to 1-2 in the summer wood of P. ba/fouriana, 
point with much definiteness to these particular species, while 
among the hard pines the occurrence of large, oval or squarish 
pits, 1 or rarely 2 per tracheid, segregates a group of four 
species. Detailed as these features are, they are not accidental, 
but of such constancy as to admit of no hesitation in accepting 
the conclusions to which they point. 

The length of the ray cell is subject to considerable variation, 
not only within the limits of an individual, but as between one 
species and another. Our studies, however, do not permit the 
formulation of a law applicable to specific differentiations, even 
if such a law does exist, which present evidence leads us to 
doubt ; but details of length, in terms of spring tracheids, have 
been incorporated in all the diagnoses, since they are often very 
suggestive and thus may assist in the ultimate recognition of the 
species. 

The form of the cell is of more evident value, although too 
much stress must not be laid upon it. The cell is either. 
straight, as in Juniperus, Libocedrus or Picea (Fig. 21), or it 
becomes fusiform through contraction of .the extremities as in 
Cupressus, Sequoia, Taxodium, etc. (Fig. 19). Asa well defined 
differential character its value is only one degree higher than 
the length of the cell, and it has been introduced into the diag- 
noses for the same reason as a controlling factor of secondary 
importance. 

In the higher Coniferze the medullary ray is distinguished by 
the presence of an element which differs materially in its struc- 
ture from the associated parenchyma cells. These elements 
have been designated by De Bary (9, pp. 491-492), as “ ray 
tracheids.” Their structure is so peculiar, and they present 
such important relations to classification and development, as to 
necessitate a somewhat detailed account of them, to some extent 
in recapitulation of well known observations by De Bary (9, p. 
491) Hartig (19, p. 13) and Goppert (17). 

As stated by De Bary, the ray tracheid resembles the paren- 
chyma cells, from which they differ, however, in the presence of 
bordered pits on a// their walls. Furthermore, such pits not 
only differ materially in form and size from the bordered pits of 
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adjacent parenchyma cells, but they are always much smaller 
than the pits of those wood tracheids on which they border. 
Such tracheids are invariable features of the ray in all the higher 
Coniferze from Tsuga and Pseudotsuga to Pinus to the extent of 
25% of the investigated genera. In Juniperus they occur very 
rarely, being found, so far as I am aware, in only one species 
{/. nana) out of a total of eleven, and they are so sparingly de- 
veloped as to readily escape observation. In Thuya they are to 
be met with in 7. japonica, likewise in a rudimentary state of 
development. Out of nine species of Cupressus they occur 
only in C. xootkatensis. Of the ten investigated species of 
Abies, they are found only in A. da/samea. In commenting 
upon this fact-many years since, De Bary (9, p. 490), also pointed 
out that among European species A. exce/sa is similarly excep- 
tional, but no attempt has been made to interpret their signifi- 
cance. In Thuya, Cupressus and Abies the tracheids are strictly 
marginal in the composite rays, forming the entire structure 
in rays only one or two elements high. This relation obtains 
in all the higher Coniferze in the first instance; but in Larix, 
- Picea and Pinus, where there is a notable increase in numbers, 
they also become interspersed with the parenchyma cells and 
eventually predominate over them, a feature which is especially 
characteristic of the hard pines. Efforts have been made to 
show that in all such cases the two kinds of elements succeed 
one another in a definite order from above downward — or the 
reverse — but our studies have failed to show that this is capable 
of practical application to the purposes of classification, or even 
of phylogeny (9, p. 491). The great fact of importance for our 
present purpose, however, and one which stands out with much 
prominence, is that the ray tracheids are not a structural feature 
of the more primitive Coniferales, but only of the higher types 
such as Picea and Pinus. Furthermore, the primitive position 
for these structures is in the one or two-celled rays, or corre- 
spondingly in the margins of the composite rays. 

In Thuya and Cupressus the tracheids appear to stand by 
themselves, and they exhibit no special relations to the paren- 
chyma elements which would permit of inferences as to their 
possible origin. In the genus Pinus, on the other hand, where 
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the relations are somewhat complex, evidence does appear of 
such a nature as to suggest their derivation. In Pzxus inops, 
P. torreyana, P. pungens, P. clausa, P. teda, P. palustris and 
P. cubensis, we frequently find thick-walled parenchyma cells 
and characteristic ray tracheids coterminous with one another. 
This does not mean a simple association, since in nearly all such 
cases, as typically presented by P. palustris, they also show a 
graduated structure of sucha nature as to confirm the belief that 
the one passes into the other by structural gradations. That 
such is the case cannot be doubted, and if further confirmation 
were needed it is afforded by the precisely parallel relations to 
be met with in the formation of resin cells and resin canals. A 
further fact of much significance from the standpoint of devel- 
opment, is that such interchangeable relations are peculiar to the 
highest types of the genus Pinus. But we may ask, what is 
the function of these structures which make their appearance 
only in the higher Coniferze ; what is the proper significance of 
their appearance there, and do any other plants offer parallel 
examples ? 

In the so-called medullary rays of Leptdodendron selaginoides 
(49, p. 141) there are numerous reticulated or spiral elements 
which are undoubtedly of the nature of tracheids, and they may 
be held to represent the ancestral form of the ray tracheids in the 
Coniferze, toward which théy bear the same relation that exists 
between the spiral protoxylem element and the characteristic 
wood tracheid with bordered pits. From this it is apparent that 
the ray tracheid of Pinus or Tsuga represents a primitive struc- 
ture which reappears in response to conditions of growth and 
structural] alterations of such a nature as to demand the interpo- 
sition of more simple, because more primitive, elements for the 
proper performance of necessary functional activities. These 
activities, in the case of Lepidodendron, are probably expressed 
in the radial distribution of water (51, p. 141), and we are no 
doubt correct in assuming similar activities to be carried on in 
the higher Coniferaz. In all those species which present the 
primitive structure of the thin-walled ray cells, both fossil and 
recent, there are no tracheids to be found. Asa tendency to 
thickening of the wall arises, there is also developed a sporadic 
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tendency to the development of ray tracheids as in Thuya and 
Cupressus. It is also a noteworthy fact that simultaneously 
with a general thickening of all the cell walls throughout the 
ray, as in the genus Tsuga, ray tracheids become a constant 
and prominent structural feature. This relation exists in Pseu- 
dotsuga, Larix, Picea and Pinus, and it is a remarkable fact that 
as the type of organization advances, and the structural modifi- 
cations of the wall become more profound, the tracheids gain 
steadily in numbers and importance until they finally replace the 
parenchyma cells more or less completely. Such facts serve to 
direct attention to the idea that by such progressive alterations 
the ray cells gradually lose their normal functional powers with 
respect to the radial distribution of water, and under such cir- 
cumstances it is imperatively demanded that this deficiency 
should be met through some other structures. Under these 
circumstances two alternatives are possible. First, that the 
thick-walled and useless cells should return to their primitive 
condition in opposition to the general course of development, 
and once more resume their appropriate functions. Such struc- 
tural reductions do in reality occur in these very cases, as shown 
in Pinus teda, etc., but it is to be observed that they are of 
the nature of a growth which has been arrested at such an 
early stage as to be devoid of many of the normal structural 
features. Furthermore, it would be difficult, if not impossible, 
to obtain evidence from other plants in support of a hypothesis 
of this nature. It is true that in the case of girdled pines the 
heart wood may resume an activity long since lost, and thus take 
upon itself once more the function of the sap wood, as also to 
some extent the function of the bark, but such renewed func- 
tional power does not in any way involve structural modifications 
of existing elements, and cases of this sort cannot be cited in 
support of the hypothesis stated. Under these circumstances, 
therefore, it is fair to conclude that such arrested development 
expresses diversion of energy to the preponderant tracheids. 
The second alternative permits us to consider that in the ordi- 
nary course of development the ray cells gradually lose their 
functional activity as a result of extreme structural modification, 
and that this loss of power cannot be restored, even though the 
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wall may return toa primitive condition of structure through 
various phases of atrophy. In accordance with this idea the 
tracheid would be introduced as the most natural because the 
original medium for such activities as are centered in the ray, 
and it would therefore acquire additional importance both nu- 
merically and functionally in direct proportion to the loss of 
power experienced by the parenchyma cells. This appears to 
be a reasonable interpretation, and in the light of observed facts 
it would seem to be the correct one. 

A structural feature of great importance in the ray tracheid 
appears in certain inequalities of the upper and lower walls 
which take the form of teeth-like projections into the cavity 
(Fig. 24). In what may be regarded as the most highly devel- 
oped tracheids the teeth project across the cell cavity until they 
meet and coalesce, thereby forming a more or less definite retic- 
ulation which gives to the tracheid a very characteristic appear- 
ance. As seen in tangential section, such reticulations often 
appear as narrow bands crossing the cavity from side to side, 
thus giving the cell a varying aspect. Such dentate and reticu- 
lated tracheids are absolutely confined to the second section of 
the genus Pinus, in which they constitute one of the most char- 
acteristic features to the extent of 68.3 % of the species. A 
more detailed analysis of this feature, as applied to the hard 
pines, is desirable. In P. vestnosa and. P. thunbergit, the tra- 
cheids are simply dentate. In six species represented by P. 
murrayana the teeth extend into definite reticulations confined 
to the summer wood ; but in six other species represented by 
P. jeffreyt, such reticulations are sparingly developed through- 
out the ray. In /?. ¢eda a transitional form appears. Typically 
this species shows the tracheids to be sparingly reticulated, but 
occasionally they are strongly reticulated throughout. This 
brings to mind the further fact that in all species which are 
sparingly reticulated there is a marked tendency to strong retic- 
ulation in the summer wood. In the thirteen remaining species 
the tracheids are uniformly strongly reticulated throughout the 
extent of the ray, and this feature attains its highest expression 
in P. palustris and P. cubensis. It is therefore manifest that 
we have to deal here with a graduated development of such a 
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nature that the simply dentate tracheid is the most rudimentary, 
while the strongly reticulated is of the most advanced type of 
structure. 

The value of the ray tracheid for taxonomic purposes depends 
upon: (1) its occurrence in certain genera, and (2) its structural 
peculiarities. The simple wall of the tracheid, in the great 
majority of cases, affords no basis of specific differentiation, but 
in the various forms of dentate and reticulated walls of the 
second section of Pinus, it is of well defined value in this 
respect. Pzuus restnosa, P. thunbergtt and P. koratensis are 
all characterized by the occurrence of simple teeth which are 
sometimes sparingly developed. This feature is intimately asso- 
ciated with the occurrence of large, simple and single pits on the 
lateral walls of the ray cells. From this group P. densiflora 
may be differentiated by the reticulations in the tracheids of the 
summer wood. Among the hard pines, P. ¢@da is distinguished 
by ray tracheids which are typically sparingly reticulated through- 
out, but on the other hand, P. palustris and P. cubensis, which 
probably represent the highest types of the genus, are at once 
~ separated from all other species by reason of the extent to which 
reticulations are developed. 

The relations which the tracheids bear to the parenchyma 
cells in the general composition of the ray also have an impor- 
tant bearing upon specific differentiations. In the genus Tsuga 
the tracheids are sometimes interspersed, affording the first 
instance of a relation which later becomes most prominent in the 
higher genera, and the same relation is also expressed in Pseu- 
dotsuga and Larix. In Picea there is a somewhat stronger 
tendency to an interspersal which is only expressed fully in 
Pinus. In the soft pines eleven out of thirteen species show, 
as a rule, as in the previous genera, that the tracheids are rarely 
interspersed, P. aristata forming a partial exception, as shown 
in a sparing interspersal. PP. monophylla and P.monticola, on 
the other hand, show a strong interspersal of the tracheids, 
and in this respect they approach the hard pines. In the 
latter group we again find the first four species character- 
ized by a rare interspersal. But passing on to the more highly 
developed species, such types as P. clausa, P. palustris and P. 
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glabra show that the interspersed tracheids are not only numer- 
ous, but that they eventually become conspicuously predominant 
and often constitute the bulk of the ray structure. It is evident 
then that such features possess an evident value for diagnostic 
purposes, particularly in the genus Pinus where the variations 
are numerous, well defined, and applicable to particular species 
or groups of species. 

Tangential Section As displayed in tangential section, the 
medullary ray exhibits two principal forms, each of 
which presents features of great taxonomic and j 
phylogenetic value. The type of structure which 
prevails, and which may be regarded as the funda- 
mental form of the ray, is that of from one to 
many cells superimposed in a single series of vary- 
ing height (Fig. 25). Such uniseriate rays are 
characteristic features of all the investigated recent 
genera. In 30 % of the genera, there is a sporadic 
tendency to a multiseriate form as expressed in the 
development of rays which are 2-seriate in part. 
Such enlargement is not confined to any particular 
portion of the structure, and within the limits of 
the same section it may arise at the 
centre or at either end. It is never 
found in Abies, Picea or Pinus, but it 


is met with in Pseudotsuga macro- 
carpa, three species of Cupressus, two 
of Juniperus, one each of Sequoia and 
Fic. 25.— Sequoia Araucaria and two of Larix (Fig. 26). 


sempervirens. Tn Tibocedrus such tendency is much (0) 


Tangential sec- 

tion of a medul- More pronounced, and the rays may 
lary ray showing 

a typically r-seri. D€ described as 2—3-seriate in part. 

ate ray of broad = This feature is of so sporadic a 


form. X 280. 


nature that existing species afford no 
satisfactory evidence as to its origin or significance, " 

1G. 26.— Taxus 
but reference to Cordaites tends to throw some ‘Tan- 


light upon this somewhat obscure problem. view of a 
fourteen species of Cordaites, three of which are — showing its 2- 

seriate character. 


European (25, p. 606-609) it is seen that the rays y 4g,, 
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present four variants ranging from the strictly uniseriate form to 
I-2-, rarely 3-seriate. The distribution is in the following per- 
centage proportions : 


I-seriate 14.3 


From this it would appear that Cordaites as a whole, 
approaches the primitive, multiseriate ray such as may be found 
in the Cycads, much more nearly than any of the existing 
species under consideration, and from this point of view it 
becomes possible to arrange a sequence showing the relative 
development in the following terms: (1) Cordaites, (2) Libo- 
cedrus, (3) all other genera as 
enumerated above. The evi- 
dence of fossil plants, how- 
ever, shows that caution must 
be exercised in our estimate 
of what constitutes the primi- 
tive ray. The structure. of 
Stigmaria shows a preponder- 
ance of uniseriate medullary 
rays (51, p. 224) and that 
such are primitive rays cannot 
well be doubted. In general, 
however, we are probably not 
’ far from correct in the assump- 
tion that the highest form of 
the ray is expressed in its uni- 
seriate character. Deviations 
from this would then require 
to be interpreted as vestigial 
features which indicate a rela- is 5. 
tively lower type of organiza, 
tion in direct proportion tothe cells. x 420. (6) Transverse section of a 
; medullary ray, showing the inflation of the cells 
increase of a tendency toward opposite tracheids. 

a multiseriate form. 
In the majority of species, the side walls of the parenchyma 
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Fic. 28.— Pseudot- 
suga douglasit. 
Tangential sec- 
tion of a fusiform 
ray showing (a) 
the typical resin 
canal with thick- 
walled epitheli- 
um, but devoid 
of thyloses. x 
280. 
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cells are thick and traversed by small pits. In the 
genus Pinus the wall is commonly thin and it closes 
the orifice of a very large pit on the wall of the 
adjacent wood tracheid. This is notably true of 
the soft pines in which the side wall either projects 
as a convex membrane, or it is concave and curves 
into the cell cavity. Such a feature is of very little 
if any importance with the exception P. reflexa, in 
which the thin side walls almost invariably project 
so as to give the cells a correspondingly inflated 
appearance (Fig. 27a). It is not only apparent in 
a tangential section, but it is very conspicuous in 
the transverse section (Fig. 274) where the inflated 
walls are seen to project into the cavities of adja- 
cent wood tracheids, thereby giving to the ray a 
beaded appearance. As an exceptional variation it 
possesses no apparent significance with respect to 
questions of descent. 

The second form of the ray is that which has 
been designated 4s fusiform in reference to its 
characteristic outline (39). Such rays occur in 
relatively few of the existing genera to the extent 
of 20 %. They occur typically in Pseudotsuga, 
Larix, Picea and Pinus, and they are thus seen to 
be characteristic of the most advanced types. 
Among extinct species they are unknown except 
in the case of Sequoia burgessit' (41, 42-46) in 
which they present a remarkable exception to the 
general course of development and structure of 
that genus. The fusiform rays are peculiar in 
their structural features. They vary greatly in 
height as between different genera, and such vari- 
ations also occur within a given genus, the ex- 
tremes being met with in the genus Pinus, where 
P. palustris and P. ponderosa present the antithetic 
relations. In most cases they are much higher 
than the uniseriate rays with which they are asso- 


1 Dr. E. C. Jeffrey has recently discovered the same féature in another extinct 
Sequoia now in course of publication. 
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ciated, but this rule is subject to several exceptions. 


always distinguished by a broad- 
ening of the central tract by 
two to several times the original 
dimensions, thereby becoming 
more or less multiseriate. These 
variations depend upon the na- 
ture of the included structure 
which exhibits modifications di- 
rectly related to progressive de- 
velopment of the genus. Such 
broadening arises abruptly in 
Pseudotsuga, Larix and Picea, 
so that the terminals above and 
below consist of a single series of 
cells with the general structure 
of the uniseriate ray (Fig. 28). 
In Pinus the broadening is less 
abrupt, diminishing in both direc- 
tions somewhat gradually, thus 
giving rise to a region of lenti- 
cular form, which occupies up- 
wards of half the height of the 


“ray, or in some cases constitutes 


the entire structure. From this 
it follows that in such types as 
P. palustris (Fig. 296), the ter- 
minals which are often prolonged 
to great length, may be linear 
and uniseriate, while in ?. c/ausa 
the whole ray is lenticular in 
outline and the terminals consist 
of only one or two limiting tra- 
cheids (Fig. 30). Within the 
region of the central tract the 
cells are all thick-walled in Pseu- 
dotsuga, Larix and Picea, but in 
Pinus the cells are generally thin- 


a 


FiG. 29a.—Pinus albicaulis. Tangential sec- 
tion of a fusiform ray showing a typical resin 
canal with (a) thyloses, and (4) rather thick- 


walled parenchyma. X 280. 


b.— Pinus palustris. Tangential sec- 
tion of a fusiform ray in part, showing thin- 


walled parenchyma broken out. 
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X 280. 
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walled, and in the hard pines this feature is emphasized by a 
degeneration of the tissue to such an extent that it is readily 


Fic. 30.— Pinus clausa. 
Fusiform ray showing 
(a) the resin canal with 
thyloses, (4) thin-walled 
parenchyma cells and 
(c) the terminals com- 
posed of only one or 
two tracheids. X 280. 


broken out in making sections, whence it 
characteristically appears either much broken 
up or entirely wanting. The principal feature 
of such rays, and the one which determines 
their form, is the presence of a resin canal 
in each case. Such resin canals traverse the 
ray continuously for its entire length. They 
present the same details of structure as the 
resin canals which lie within the xylem. In 
Pseudotsuga, Larix and Picea, the central 
canal is narrow, especially in the first two 
genera, and the epithelium consists of a single 
layer of thick-walled cells. In Pseudotsuga 
and Larix (Fig. 28), thyloses are altogether 
wanting, but in Picea they are of sporadic 
occurrence. In Pinus (Figs. 29 and 30) on 
the contrary the canals are always distin- 
guished by their great breadth; the epithe- 
lium is composed of one to several rows of 
thin-walled cells which are often resinous and 
often much disorganized, while thyloses are 
an invariable feature of the central canal. 

A comparison of different genera and spe- 
cies shows that there is a somewhat striking 
variation in the number of uniseriate rays 
(tangential) to a given area of section. Such 
variations may arise within narrow limits in 
the same species according to location and 
conditions of growth, but apart from this 
there are somewhat constant variations be- 
tween different species which may be ex- 
pressed by the use of the relative terms few, 
many. No attempt has been made to define 


such variations and more exactly, but it is quite possible that a 
determination of the average number to a square centimeter, or 
other convenient unit, might disclose a somewhat greater differ- 
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ential value than is at present apparent. A simple illustration 
will serve to afford an idea of the rather limited specific value of 
this character. In Z7axrus cuspidata the rays are numerous, while 
in the two remaining species they are relatively few. .The same 
feature applies to the differentiation of Zorreya nucifera from the 
other species of that genus. In Pinus clausa, P. 
serotina, P. murrayana, etc., the same rule applies, 
but in all such cases it cannot be accepted as final. 

The height of the ray is subject to such varia- 
tions, even within the same species, that it cannot 
be defined with sufficient accuracy to admit of its 
application to classification in more than a very 
general sense. It is true that the rays of Ginkgo 
are always low, while those of Taxus and Torreya 
are often high. In Juniperus they are commonly 
low, while in Pinus they range from low to very 
high. Such variations do not possess sufficient 
constancy to admit of either generic or specific 
application in the strict sense, though they not 
‘infrequently serve a useful purpose as controlling 
factors, and they are therefore incorporated in all 
the diagnoses. Variations in breadth have a much 
more definite value, since the element of constancy 
is well defined. The genus Thuya (Fig. 31) may 
almost invariably be differentiated by this feature. 
In Cupressus, C. ¢hyoides may be distinguished by 
a similar feature, while C. arizonica and C. govent- 31—Thuya 


ana are equally well indicated by the great breadth ential section 


of the rays. The same rule applies also to Juni- — pres 
ing the typical- 
perus, Sequoia (Fig. 25), Pinus, and other genera, ly narrow and 


oblong cells. 


whence it appears that this feature is of specific {8 


value. It is always associated with and dependent 

upon the form of the component cells (tangential) which afford a 
means of distinguishing genera and species with much directness. 
The narrowly oblong cells of Thuya (Fig. 31) serve to separate 
this genus without difficulty, since a similar feature occurs but 
rarely elsewhere, and then in such association as to make the 
differentiation clear. In Juniperus the genus is separable into 
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four well marked divisions: (1) round to oval or transversely 
oval ; (2) rays broad, the cells oval to round, chiefly round; (3) 
chiefly oval, and (4) rays narrow, the cells oblong to oval, chiefly 
oblong. The broadly oval and thin-walled cells of Sequoia sep- 
arate it from associated genéra. In Picea the genus may be 
subdivided accordingly as the cells are (1) variable, round, oval 
or oblong; (2) equal and uniform, oblong or oval.!_ Capressus is 
similarly separable into groups. But more specifically it is not 
difficult to separate C. arisonica and C. goveniana by reason of 
their broad rays and very conspicuously ‘transversely oval cells, 
from C. pestfera with its round or oval cells and C. ¢hyotdes with 
its narrow, oblong, rarely oval cells. In the genus Pinus atten- 
tion is at once directed to P. murrayana by the conspicuously 
round or transversely oval, very unequal and variable cells. 

The interspersal of the tracheids often imparts a character- 
istic appearance to the tangential aspect of the ray, especially in 
the genus Pinus, and more particularly among the hard pines. 
In this group the tracheids present very variable forms and 
sizes. In such types as P. glabra they are small, oval or round, 
and wherever they occur they give rise to a marked local con- 
traction. In P. palustris and P. cubensis they are commonly 
oblong and not infrequently they become several times higher 
than broad. As they are almost invariably narrower than the 
associated parenchyma cells, they cause a local contraction 
which sometimes extends over considerable distances. In P. 
palustris the predominance of the tracheids is carried so far that 
the rays are chiefly composed of them, and it then becomes ap- 
propriate to apply the term interspersed to the few parenchyma 
cells. In all of the more highly organized rays of the hard 
pines the appearance of the structure is so complex and variable 
that a proper diagnosis can be drawn only when we take 
cognizance of the principal aspects presented, and these some- 
times amount to as many as four in number. 

A consideration of the various structural features thus dis- 
cussed in their relations to classification will show that no other 


1 The term equal here applies to cells of the same ray which are of the same 
width; uniform to the cells of all rays which are pretty constantly of one form; 
the contrasting terms being unequal and variable respectively. 
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portion of the stem possesses so many elements of importance 
as the medullary ray which, in consequence, attains the highest 
value in this respect and affords differential characters of wide 
range, great prominence, easy recognition and of primary im- 
portance in the differentiation of groups, genera and species ; 
and asa general summary, the utility of these characters for 
such purposes is approximately indicated in the following tabu- 
lation : 
1 Rays (tangential) of two kinds. 
2 Ray tracheids. 
3 Pits on the lateral walls of the ray cells sim- 
ple or bordered. 
4 Terminal walls of the ray cells thin and} entire 
or locally thickened. 
5 Form and character of the ray cell (tang.) 7} 
6 Form and size of pits on the lateral walls of 
ray cells. 
7 Ray tracheids dentate or reticulated. J 


> Generic. 


_ 8 Direction and form of orifice of pits on the lat- + Specific. 


eral walls of ray cells. 
9g Upper and lower walls of ray cells. 
10 Ray tracheids interspersed or marginal. 
11 Disposition of pits (radial). 
12 The number of pits per tracheid. 


THE RELATIONS OF MEDULLARY Rays TO DEVELOPMENT. 


We are now in a position to determine the relations in which 
the various structural features of the medullary ray stand to 
development, and for this purpose it may be most convenient to 
discuss them in that sequence which is apparently consonant 
with the general order of evolution of the entire group. 

It has been ascertained that bordered pits are characteristic 
features of the lateral walls of the ray cell in 72.4 % of the inves- 
tigated species, and that in the remaining 27.6 % among the 
higher types, simple pits predominate, but a closer scrutiny of 
this latter group discloses some features of more than passing 
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interest. Reference to the table of anatomical data will show 
that the change from bordered to simple pits is entirely confined 
to the genus Pinus, and that it does not rise abruptly as if in 
response to some unusual condition whereby a profound altera- 
tion in the usual course of development was induced ; but it is 
effected by stages, showing that whatever influences were 
brought to bear, they operated gradually through a somewhat 
prolonged period of development, while here and there strong 
tendencies to reversion were manifested, and that the alteration 
was finally effected in a permanent way, only in the most highly 
developed pines. Commencing with ?. /ambertiana it will be 
observed that some species of the soft pines are characterized by 
simple pits. Among the hard pines ?. clausa and P. rigida 
have bordered pits, while the six following species again show 
simple pits. We next come to a group of four species, with one 
exception (?. murrayana) Japanese, in which there is a mingling 
of both bordered and simple pits, showing a decided persistency 
of the primitive character in the face of conditions which involve 
achange. Following these are two species with simple pits, one 
with transitional features, five with simple pits, one with bor- 
dered pits, one with the transitional form and the remaining six 
species with simple pits, only. It will therefore be seen that 
these changes occur in waves, and that within the limits of forty- 
one species there are three complete and six incomplete recurrent 
phases. If we were arguing from purely theoretical grounds, all - 
of these species should be arranged in such order as to show, 
(1) bordered pits, (2) transitional forms and (3) wholly simple 
pits, and we should thereby gain a perfect, developmental 
sequence. But such a position would not be justified by other 
evidence of an equally, if not more weighty character, and it is 
our object to interpret the facts as they are found. It has 
already been shown that the occurrence of simple pits in the 
pines is consonant with a higher type of development, and that 
the change is not only accompanied by sporadic reversions or 
survivals as one may choose to regard them, but that the change 
as a whole is a process of reduction. From this point of view 
then, we must regard the occurrence of bordered pits in P. 
clausa, P. rigida and P. pungens as pure survivals of a more 
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primitive structure, a feature which is less perfectly expressed in 
such transitional forms as P. koratensis or P. tnops. But a mere 
mingling of the two kinds of pits in the same species is not the 
only evidence in this direction. The mingling of simple and 
bordered pits does not occur indiscriminately, but in accordance 
with a well defined law to the effect that the former are char- 
acteristic of the spring wood throughout its entire extent, while 
the latter occur only in the summer wood where they might be 
expected if at all, since the arrested development which might 
be complete in the case of relatively thin-walled cells, could be 
readily overcome in part, in walls of greater secondary growth. 
This in no way conflicts with the observed fact that in the 
majority of cases, the usual course of development is such that 
the bordered pits of the spring wood very commonly become 
reduced to simple pits in the summer wood in accordance with 
De Bary’s law as already stated in application to other cases. 
Constancy in the structure of such pits has been found to be 
characteristic of Cordaites, Ginkgo, the Taxacez and all the 
lower forms of the Coniferze, from which we may conclude that 
the bordered pit is essentially a primitive character. On the 
other hand variation is a well marked feature of the pit in the 
genus Pinus as first expressed in the large, oval or squarish and 
open pits of P. resinosa or P. thunbergit, and as later appears 
with greater frequency in the smaller and very inconstant pits 
of P. teda or P. palustris. Such variations then, involving 
a gradual and complete transformation to the condition of 
simple pits, are characteristic only of the more highly developed 
pines, from which it may be concluded that it is a feature con- 
sistent with a relatively high order of development in exact 
accord with the principles governing parallel changes in the pits 
of the wood tracheids. They are also in harmony with the well- 
known principle that variation is always of a more simplified 
form in primitive types, but that it tends to greater diversifica- 
tion with advance in organization and general development, as a 
necessary sequence to the adjustment of the organism toa wider 
and more complex environment. Finally it has been shown that 
the elimination of the bordered pit proceeds concurrently with 
the more complete organization of the ray tracheids, in response 
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to a substitution of functional activities between these structures 
and the degenerate parenchyma cells. We may therefore con- 
clude that extreme variation in the character of the pit is an 
expression of a higher type of development, and that from this 
standpoint, such structures have a definite value in solving ques- 
tions of descent. 

The terminal walls of the ray cells present three variants with 
respect to secondary growth. All the more primitive Cordai- 
tales and Coniferales are characterized by thin walls. Cupressus 
and Juniperus are chiefly distinguished by their thin walls which 
are also locally thickened, a feature which has been shown to be 
due to incipient secondary growth. But such alterations are 
already foreshadowed in Libocedrus where the local thickening 
of the wall is of a sporadic nature. In Adzes magnifica and 
A. grandis there is a partial recurrence of thin and locally thick- 
ened walls, which is pretty fully expressed in A. concolor. A 
similar recurrence is met with in Pseudotsuga macrocarpa, in 
Picea polita and in Pinus parrayana, and it is also complete in 
thirteen of the most highly developed species of Pinus, where 
the walls have suffered extreme degeneration. Within the 
limits of Picea (1) and the soft pines (5), there are six instances 
in all, of sporadic and partial survival of the thin and locally 
thickened wall. The first tendency to thick and strongly pitted 
walls is manifested in five species of Juniperus, and such 
development is fully expressed in what may be regarded as the 
three most highly developed species. Thick walls are then 
fully characteristic of Abies —with a partial reversion in 
A. concolor, of Tsuga, Pseudotsuga douglasit, Picea, with the 
exception of P. polzta, five species of soft pines and three species 
of hard pines. In P. teda and P. palusiris the walls are so 
degenerate that their structure cannot be satisfactorily deter- 
mined, but they are presumably thin-walled. 


From these facts it is manifest that the progressive thickening 


of the terminal walls accords with the general course of develop- 
ment, and once more making use of the principles already 
applied to the pits on the lateral walls, we are brought to the 
natural conclusion that (1) an increase in the thickness of the 
walls is evidence of a higher type of organization, and (2) that 
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the sporadic recurrence of thin walls with local thickenings 
represents the persistence of a primitive character. 

Ray tracheids probably constitute one of the most valuable of 
the structural elements as an indication of development. This 
has its foundation (1) in the fact, previously shown, that they 
arise as secondary structures from the parenchyma elements, 
with which they exhibit interchangeable relations, in direct 
response to the requirements of a higher degree of organization, 
and (2) their general relation to progressive development. The 
complete absence of ray tracheids from the Cordaitales and 
Ginkgoales, as also from the Taxaceze and more primitive Con-. 
iferze, while they are invariable features of the higher Coniferze 
in which they attain their most complete development, admits of 
only one interpretation. The fact that they are exclusive fea- 
tures of the Coniferze emphasizes their inferior value for deter- 
mining the derivation of that group, while it points to their 
superior importance as a factor in the sequence of the various 
coniferous genera. They occur sporadically in Thuya (1), Cu- 
pressus (2), Juniperus (1), and Abies (1). They are prominent 
features of Tsuga, Pseudotsuga, Larix, Picea and Pinus. Their 
invariable absence from Sequoia would appear to suggest that 
this genus is more primitive than Thuya, but there are other 
reasons which serve to suggest the opposite relation. Apart 
from this exception it will be seen that in accordance with the 
relations exhibited in the table of anatomical data, the genera 
enumerated form a continuous series, commencing with those 
showing sporadic tracheids, and ending with those in which such 
structures attain their highest expression. From this we are 
justified in the conclusion that the rare occurrence of tracheids in 
Thuya, etc., is to be interpreted as the first evidence of a tend- 
ency in development which is only fully realized at a later period, 
and this appears to be justified by a closer examination of the 
last five genera in this respect, since it is found that in them 
the tracheids not only show a progressive numerical develop- 
ment, but their structure likewise becomes more complicated in 
direct relation to the evolution of higher types of genera and 
species. We must therefore look upon the tracheids, with their 
thin, simple walls, as the primitive form, while those with the 
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strongest reticulations are of the highest type, the two being 
united by a transitional form characterized by the presence of 
simple teeth. The evidence at hand does not appear to justify 
the idea that the various genera have been segregated into small 
groups represe..ting side lines of development, but it rather 
favors the thought that each genus is in itself a complete, short 
line of descent, and that among these a prominent parallelism 
has arisen in the tendency toward the development of tracheids 
—a tendency which has been carrie’ to completion in the case 
of only five of the series, and in sucha way that in only a 
portion of one of these has that completion reached its highest 
expression. 

The occurrence of two kinds of parenchyma ray cells is an 
exclusive feature of the genus Pinus, and their value for phylo- 
genetic purposes is strictly confined to the relations of the various 
species of pines. The first appearance of this differentiation is 
among the soft pines in /. aristata and P. edulis. It is tobe 
' observed, however, that the thick-walled cells are always domi- 
nant, the thin-walled cells being interspersed among and coter- 
minous with them. No further evidences of such structural 
alterations are to be noted until we reach the more highly 
developed representatives of the hard pines. Among these 
definite transition forms occur in P. murrayana, P.coulteri, P. 
Jeffreyt, P. virginiana, P. insignis and P. cubensis, while in P. 
arizonica, P. ponderosa, P. sabiniana, P. pungens, etc., the orig- 
inal relations are exactly reversed and the thick-walled cells show 
a diminishing frequency, until in ?. glabra and P. teda they 
are rarely met with. Such facts give effective proof to the 
belief that structural alterations of this nature are not only evi- 
dences of the highest type of development among the pines, 
but in the Coniferales as a whole. 

The invariable absence of the fusiform ray from all except 
the four genera which attain the highest structural development, 
and their constant occurrence in all the species of such genera, 
presents an argument of great force as showing their relation 
to the evolution of advanced types. There is here no evidence 
of sporadic development, foreshadowing the general course of 
evolution, but the fusiform rays with their resin canals appear 
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abruptly and permanently. Among fossil plants— except the 
genus Pityoxylon which, being essentially Pinus, falls under the 
general rule — there is no instance of such structures outside of 
the four genera named, save in the case of the remarkable 
Sequoia burgessti, from the Lignite Tertiary (4, p. 242) and S. 
penhallowit of Jeffrey. As it will be necessary to further dis- 
cuss the essential structure of the fusiform ray when considering 
the resin passages in particular, it will be unnecessary to deal 
with it more at length at the present moment. 


Errata. 


Page 249. For Cordaited read Cordaites. 
Page 263, Fig. 12. For Radial read Zangential. 


(Zo be continued.) 
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FURTHER INSTANCES OF MALAR DIVISION. 
ALES HRDLICKA. 


By the courtesy of Dr. Horace Jayne, Director of the Wistar 
Institute, Philadelphia, I am able to report on two skulls, one 
Peruvian (Indian) and the other that of a Chinese, in both of 
which is found what appears to be a bilateral, complete, malar 
division. The specimens and anomalies are as follows: 

(1) Spec. No. 53, Wistar Institute, cranium of a male, adult 
(past middle age), Peruvian Indian. The occiput shows a mod- 
erate, predominantly unilateral, baby-board compression. <A 
smaller Wormian bone is present in the left coronal suture and 
an unusual bone of the same nature, 10 mm. long and 9 mm. in 
maximum breadth, in the sagittal suture, 28 mm. posterior to 
bregma. The skull shows no pathological lesion, no signs of 
traumatism, and no marked anomalies besides those to be 
described. 

Each of the malars is completely divided by an antero-poste- 
rior suture into a smaller lower and larger upper portion. The 
condition is very much alike on the two sides and offers a num- 
ber of points of special interest. (Fig. 1.) 

The body of each malar is very narrow (antero-posterior 
diameter, dorsally, at middle, 13.5 mm. on the right and 12.5 
mm. on the left). This narrowness is caused by an unusual 
development and extension backward of the malar process of 
the superior maxillary. The central part of the malar bone was 
apparently belated in development and a compensation for the 
defect by the maxillary took place. 

The upper, larger portion of each malar shows in its zygo- 
matic border a well marked, 5 mm. long, slightly dentated suture 
corresponding to the occasional posterior incomplete suture of 
the normal malar. This suture is supposed to be the remnant 
of the embryonal separation between the parts of the malar 
that develop from respectively the superior and inferior center 
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of ossification of the bone. If this theory is correct, which thus 
far there is no reason to 
doubt, then we have here 
a clear case of an appear- 
ance of a separate, subma- 
lar center of ossification. 
The case would then be 
not a divided malar, but an 
imperfectly developed ma- 
lar, with a sab-malar. 
Ventrally the anomalous 
suture is in every respect 
very much like dorsally. 
From each of the incom- 
plete sutures in the zygo- 
matic border of the malar 


Fic. 1.— Right Malar of a Peruvian Indian, show- 
ing an Antero-Posterior Complete Division and proper runs a shal low 


above that a Posterior Incomplete suture. groove, such as was de- 
scribed by Gruber, forward, reaching on the left the malo-maxil- 
lary suture. 
The upper portion of the right malar shows one, that of the 
left two nutritive foramina. 
This is the second instance of a malar suture observed in an 
American Indian! and in both cases the subject was a Peruvian. 


Measurements of the Matars. 


| Right. Left. 


Height anteriorly (bet. the ont reais of the malo- 33-5 | 32. mm 
maxillary suture) 34-5 | ? 
“ atmiddle . . | 
© posteriorly (dorsally : "bet. lowest point of malo- | 
zygomatic and most posterior point of malo-frontal | 


'The first instance was reported by me in the Amer. Vat., April, 1902 (“New 
Instances of Complete Division of the Malar Bone, with Notes on Incomplete 
Division,” pp. 273-294). 
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Measurements of the Malars (continued ). 


| Right. | . Left. 
Breadth antero-superiorly (dorsally: bet. the superior 
extremity of the malo-maxillary and the anterior 
end of the malo-frontal suture). . . . .. . 33: 34. mm 
inferiorly (bet. lowest points of the malo-maxil- 
lary and malo-zygomatic sutures) . . . . . . 25. 
Vertical height of the inferior malar portion, to the malar 
suture, anteriorly . ? 
posteriorly . 8.5 = 


(2) Spec. No. 7217, Wistar Institute, cranium of a male, 


adult (below middle age) 
native of China. Skull 
dolichocephalic, normal. 
Upper third molars rudi- 
mentary; styloids very 
rudimentary. A small 
epipteric on left, on right 
a large epipteric (41.5 mm. 
long, 10 mm. high), and 
several episquamous ossi- 
cles more posteriorly. 

Both malars consist of 
a larger superior and a 
smaller inferior portion, 
separated by an antero- 
posterior moderately den- 


Fic 


. 2.— Left Malar of a Chinese, showing a Com- 
plete Antero-posterior Division. 


tated suture, 21 mm. long on the right, 19 mm. on the left side. 


(Fig. 2.) 


Ventrally the aspect is entirely different. On the left a 
tapering process from the maxilla reaches and articulates with 
the zygoma; on the right a similar process exists, but ends 
Both processes cover the malar 
suture anteriorly and posteriorly, but in the middle leave it, and 


within 3 mm. of the zygoma. 


1 The lower malar portion on the left has been lost. 
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also an island-like part of the superior portion of the malar, 
uncovered. 

The separate inferior portions of the malars resemble some- 
what those in case I 


Measurements of the Malars. 


Breadth antero-superiorly . . . . . 3. 37- 


Vertical height of the inferior malar portion, to the 
malar suture, 
anteriorly 
posteriorly . 


.To the above two cases I am able to add the following recent 
observations of malar suture in the U. S. National Museum : 

(a) Skull of a male, middle aged Chickasaw Indian (No. 
227, 483, Dep’t. of Anthrop., U. S. N. M.). This specimen, 
recently returned from the Army Med. Mus., was brought to my 
attention by Dr. D. S. Lamb. Skull shows a somewhat prema- 
ture closure of sagittal and coronal sutures. 

Each malar is divided, in very much the same manner, by an 
antero-posterior suture into two portions. The lower of these, 
nearly of an equal extent throughout, is at middle on the right 
10 mm., on the left 9 mm. high; the height of the upper por- 
tion at middle is on the right 22 mm., on the left 21 mm. 

The anomalous suture is on the right as well as on the left 
dorsally 15 mm., ventrally on the right 5 mm., on the left 6 mm. 
long. It is shortened by a wedge-like process of the superior 
maxilla, identical in appearance and only of a slightly lesser 
extent, to that in the above described, Wistar Institute Peru- 
vian. The upper portion of each malar shows one moderate 
size foramen, but no incisure. 

There are no further anomalies on the cranium. 
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Among 380 skulls of apes and monkeys! in the Department 
of Biology of the Museum, 
in which the malar sutures 
are clearly traceable, there 
are three, a Macaque, a Cer- 
copithecus, and a Chryso- 
thrix, with malar division. 
(b) Macacus _ pelops, 
male, adult, No. 22,062. 
The right malar shows an 
oblique, serrated division, 
running dorsally from a 
short distance above the 
lower end of the malo- 
maxillary suture to the spr hae right malar of Macacus pelops. Nat- 
curving superior border of 
the zygoma (Fig. 3). The ventral part of the suture lies in 
nearly the same position. On the left is found dorsally a 4 mm. 
long suture, beginning from the malo-maxillary suture in a simi- 
lar position as that on the right side. The two malars are equally 
high and long. The skull shows no 
other anomalies. 

(c) Cercopithecus callitrichus, male, 
adolescent, No. 16, 365. The right 
zygomatic process is posteriorly com- 
pleted by a triangular portion, separated 
from the main part by a suture. Supe- 

—., riorly the border of the malar portion of 
FiG. 4.— Divided zygomatic pro- the arch just touches that of the tempo- 
nortion, inferiorly the two are sepa- 
rated by a distance of 12 mm. (Fig. 4.) The supernumerary 
suture is serrated and equally well distinct ventrally. It is very 
plainly anomalous in character; there is not the slightest trace 


1; Chimpanzee, 1 Gorilla, 2 Orangs, 8 Gibbons, 12 Cynocephali, 3 Sympha- 
langi, 1 Nasalis larvatus, 6 Simias concolor, 55 Presbytes, 24 Semnopitheci, 116 
Mascagues, 22 Cercopitheci, 10 Colobi, 5 Cercocebi, 15 Mycetes, 6 Alonata, 57 
Ateles, 1 Lagothrix, 40 Cebi, 6 Hapale, 4 Midas, 4 Nictipitheci, 1 Saimiri, and 7 
Chrysothrix. 
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of any traumatism. The dimensions of the two malars are 
almost identical, even inferiorly. The specimen shows no other 
anomaly. 

(d) Chrysothrix (Venezuela), male, adolescent, No. 35,800. 
On the left side is present an anomalous 
separation of the zygomatic process from the 
body of the malar. (Fig. 5.) No trace of any 
traumatism. On the right the zygomatic 
arch has been lost. The specimen shows no 

matic process of Chryso- | No one of the three monkey skulls here 
ee Natural mentioned was in any way pathological. 

In a number of Presbytes Semnopitheci, 
one Hylobates, one Symphalangus, five Macaques, and one 
Ateles, a more or less pronounced marginal cleft or fissure was 
seen in the superior border (frontal process), three to five mm. 
externally to the edge of the orbit, running to a foramen. 

There were found in the series no clearly defined anterior or 
posterior partial malar sutures. 

The above six cases present a number of new points and will 
be of value in the eventual summing up of the whole subject of 
malar divisions. 

Several interesting cases of the anomaly in man and mam- 
mals, including an orang, have also recently been reported by 
Frassetto (Notes de Craniologie Comparée, Ann. Sc’s. Natur., 
Paris, Sept. 1903). 


U.S. NATIONAL MUSEUM. 
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STUDIES ON THE PLANT CELL.— I.’ 
BRADLEY MOORE DAVIS. 
INTRODUCTION. 


Tuis is the first of a series of papers that will follow one 
another in the pages of the American Naturalist. They will 
describe the chief structures in plant cells and the most 
important events in their life histories, largely from the point of 
view of the morphologist and student of developmental processes. 
Research upon the plant cell has entirely outrun the general 
accounts that may be found in several botanical text books and 
in certain works of prominent zodlogists. We shall attempt to 
give a general survey of the subject in its present state with 
references to the most important papers ; but this is not to be an 
exhaustive account of a literature that is already very large and 
which can probably be treated far more satisfactorily several 
years from now when it has passed through the criticism that 
time will give in a field of very active botanical investigation. 

American botanists have reason to be proud of the achieve- 
ments of their countrymen in research upon the morphology and 
physiology of the plant cell, for much of the best work of recent 
years has come from them. This in itself has been a great stim- 
ulus to the writer to prepare these brief accounts which he hopes 
will assist the general botanist to a clearer understanding of the 
progress in this field. They will also serve to contrast the pro- 
toplasmic activities among plants with those of the animal cell 
which has been so well treated in several foreign works and in 
English by Wilson’s Zhe Cell in Development and Inheritance. 

The author will feel especially gratified if these papers should 
help to change an attitude towards investigations on the plant 
cell that is unfortunately too prevalent among botanists. There 
is a tendency to regard cell studies as a very special field of 
botanical research with elaborate technique which the average 
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botanist cannot be expected to master. Those who work in this 
field are considered as in a department by themselves and are 
labeled cytologists which is sometimes given as an excuse for 
knowing little about their results. Cell studies are nothing more 
than morphological and physiological investigations which are 
frequently so broad as to break the mould of the narrower mor- 
phology and physiology of former years. Cell studies must be 
the foundation of all exhaustive work in morphology and physi- 
ology. Indeed among the lower plants they constitute almost all 
there is to morphology and will determine the classification and 
relationships of great groups. There are no better illustrations 
of this fact than the effect of Prof. Harper’s investigations on 
the ascus and sporangium upon Brefeld’s theory of the origin of 
the Ascomycetes. And again the results of several investigators 
upon the multinucleate gametes found among the Phycomycetes 
and Ascomycetes are of the utmost importance to a correct 
understanding of the phylogeny of these groups. When students 
of the plant cell refuse to accept the stamp of cytologist and 
insist and show that their work is simply fundamental mor- 
phology and physiology we shall break away from a past that 
should be outgrown. 

The material of these papers will be treated under the follow- 
ing heads. 


TABLE OF CONTENTS. 


Introduction. 


Section I. STRUCTURE OF THE PLANT CELL. 
1. Protoplasmic Contents. 
(a) The Nucleus. 
(b) The Plastids. 
(c) Cytoplasm. 


1. Plasma Membranes. 

2. Trophoplasm. 
Coenocentra, Nematoplasts, Physodes. 

. Kinoplasm. 
Centrospheres, Centrosomes, Asters, Filarplasm, Ble- 
pharoplasts. 
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2. Non-Protoplasmic Contents. 
(a) Food material and waste products. 
(b) Vacuoles. 


3. The Cell Wall. 


Section II. Tue AcTIVITIES OF THE PLANT CELL. 
1. Vegetative Activities. 


2. Cell Division. 
(a) The Events of Nuclear Division. 
1. Direct Division. 
. Indirect Division (Mitosis). 
Prophase, Metaphase, Anaphase, Telophase. 
. The Dynamics of Nuclear Division. 
The Segmentation of Protoplasm. 
. Cleavage by Constriction. 
. Cleavage by Cell Plates. 
. Free Cell Formation. 


Section III. Hicuty SpeEctALIzED PLANT CELLS AND THEIR 
PECULIARITIES. 


1. The Zodspore. 2. The Sperm. 3. The Egg. 4. The 
Spore Mother Cell. 5. The Coenocyte. 6. The Coeno- 
gamete. 


Section IV. CELL UNIONS AND NUCLEAR FUSIONS IN PLANTS. 


Section V. Ceti AcTIVITIES AT CRITICAL PERIODS OF ONTOG- 
ENY IN PLANTS. 


1. Gametogenesis. 2. Sporogenesis. 3. Reduction of 
Chromosomes. 4. Apogamy. 5. Apospory. 


Section VI. CoMPARATIVE MORPHOLOGY AND PHYSIOLOGY OF 
THE PLANT CELL. 
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LITERATURE ON THE PLANT CELL. 


Reference to special papers will be given by the authors name 
and the date of publication through lists presented at the end of 
every section. 

There is no comprehensive treatise devoted to the plant cell 
but the following general accounts and reviews of the literature 
are important. 

1. Strasburger in the Lehrbuch der Botantk and Pfeffer 
in his Physiology of Plants present the best general accounts 
of the structure and activities of the plant cell. 

2. Zimmerman in 1893 and ’94 (“ Beihefte zum Botanischen 
Centralblatt ” vol. 3 and 4), reviewed the literature on the plant 
cell under the title ““ Sammel—Referate aus dem Gesammtgebiete 
der Zellenlehre’’ and in 1896 collected the literature dealing 
with the nuclei of plants ina book entitled Die Morphologie 
und Phystologie des pflanslichen Zellkernes, Jena, 1896. 

3. Dangeard discusses a number of cytological topics in the 
6th series of Le Botaniste (1898) with especial reference to 
his studies on the Chlamydomonadineae. 

4. Fischer, Fértrung Farbung und Bau des Protoplasmas 
Leipzig 1899, presents a critique of the methods of cytological 
research and the justification of the conclusions based thereon. 

5. The most recent analysis of conspicuous activities of the 
plant cell is that of Strasburger Ueber Reductionsthetlung, 
Spindelbildung, Centrosomen und Cilienbildner im Pflanzen- 
reich, Histologische Bettriige V1, 1900.1 


Section I. StrucTuRE OF THE PLANT CELL. 


It is customary to apply the term cell in Botany not alone to 
the protoplasmic units of organization but also to the enclosing 
wall that generally surrounds the protoplasm. Indeed these 
walls alone when entirely emptied of protoplasm in specialized 


1 To this list should be added an excellent concise review by Koernicke entitled 
“Der heutige stand der pflanzlichen zellforschung ” Ber. d. deut. bot. Gesell 21, 
(66), 1904. This article appeared too late to be quoted in the earlier papers of 
this series. 
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regions of the plant, ¢. g. vascular and certain supporting and 
tegumentary tissues, are still called cells. When among the 
lower forms and at certain periods in the life history of many 
higher plants the protoplasm is naked (e. g. zodspores, sperms, 
eggs, etc.), these structures are cells in exactly the sense used by 
zodlogists. We shall consider almost entirely the protoplasmic 
portion of the plant structure for any extended treatment of the 
walls would lead us at once into that field of microscopic anatomy 
termed histology. 


1. Protoplasmic Contents. 


The most highly differentiated region of the cell is the nucleus, 
a structure remarkably uniform in organization among all plants. 
except the lowest Algz and some very simple Fungi. These 
more primitive conditions will be considered in Section VI. 
Besides the nucleus there are present plastids in all groups 
except the Fungi. Plastids are likewise specialized protoplasmic 
elements although much simpler in structure than the nucleus. 
Nuclei and plastids lie in a protoplasmic matrix called the cyto- 
plasm. Cytoplasm is more variable in structure and activity 
than any other region of the cell. Thus three forms of proto- 
plasm, nucleoplasm, plastidplasm and cytoplasm comprise all the 
living material of the cell and may be sharply contrasted with the 
non-protoplasmic contents, mostly food material and waste prod- 
ucts, which will be considered under a separate head. Definite 
masses of nucleate protoplasm, with or without plastids are 
termed protoplasts and such are either unicellular organisms. 
themselves or units of a multicellular structure. 


(a) The Nucleus. 


The nucleus is bounded by a delicate membrane that is 
probably largely or wholly a modification of the surrounding cyto- 
plasm. The nucleoplasm very rarely completely fills the nuclear 
membrane, the remaining space being occupied by a fluid known 
as the nuclear sap. The elements in the resting nucleus consist 
chiefly of material that takes the form of a net work so that the 
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effect is that of a much coiled and twisted thread whose loops are 
united at intervals to form large and small meshes. The ground 
substance of this thread is called linin and imbedded in it as in 
a matrix are deeply staining granules of chromatin. Chromatin 
is regarded as the most important substance in the nucleus, 
chiefly because of its behavior during nuclear division, and in 
critical periods of the life history of organisms as at sporogen- 
esis, gametogenesis and fertilization (to be described in Section 
V). Just before nuclear division the chromatin becomes organ- 
ized into bodies named chromosomes which are remarkably uni- 
form in number and definite in shape for each tissue and period 
of the plant’s life. They will be discussed under “The Events 
of Nuclear Division ” (Section II), and in Sections IV and V. 


Fic. 1.—The resting nucleus. a, Embryo sac of lily with linin thread and two nucleoli. 
4, Root of onion large nucleolus. c, Tetraspore of Corallina showing large chro- 
matin body and small nucleolus. d@, Spirogyra with central body containing chroma- 
tin. e, Chromatin on linin net work from egg of pine. After Mitzkewitsch and 
Chamberlain. 


In the meshes of the linin network or lying freely in the 
nuclear sap may be found one or more bodies, generally globular 
in form, called nucleoli. (See Fig. 1 @ and Fig. 1 6). The 
nucleolus is generally regarded as a secretion of the nucleus and 
it is quite certain that its substance is utilized just previous to 
and during the period of nuclear division when the spindle is 
formed. (Strasburger 95 and : 00, p. 125, and from the work of 
others). The structure is not always homogeneous but may 
show in the interior small vesicles or areas of a different con- 
sistency from the periphery. There is often present also a 
rather thick outer shell or membrane. Sometimes the chromatin 
in the nucleus may be gathered into a globular body that resem- 
bles superficially a nucleolus. Such chromatin bodies are gen- 
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erally transitory as in Corallina, Davis ’98, where the structure 
(Fig. 1 c) is only found in the young daughter nucleus and later 
fragments into many smaller bodies. In Spirogyra however 
(Moll ’94, Mitzkewitsch ’98, Van Wisselingh :00, ’02) the 
chromatin is supposed to be always ina globular mass mixed with 
nucleolar substance and recalls the conditions in certain Protozoa. 
These chromatic structures however should never be confused 
with nucleoli, whose substance is different and which are not 
permanent in the cell, since they may disappear before or during 
nuclear division and be formed de xovo in each daughter nucleus. 

The substance of the nucleolus is not well understood. It is 
frequently impossible to distinguish it from chromatin except 
when favorably situated in the cell and there is much evidence 
that it is closely related to that substance. In large nuclei of 
higher plants the chromatin is sometimes gathered into globular 
bodies without apparent relation to a linin thread and these are 
readily mistaken for nucleoli and have been called such, but this 
loose usage of the term should be avoided. And true nucleoli 
may be so closely associated with the linin net work as to have 
the appearance of chromatin. Some of these conditions have 
been especially described by Cavara, ’98. Chamberlain, ’99, has 
made a study of the egg nucleus of the Pine where masses of 
chromatin may take very irregular forms on the linin threads 
(Fig. 1 ¢) and sometimes resemble small nucleoli. But such 
conditions should always be sharply distinguished from true 
nucleoli which are often caught in the meshes of the linin net 
work and appear to be a part of it when in reality there are no 
organic attachments. It is certain that nucleoli are of secondary 
importance in the cel] and probably by-products of the general 
constructive activities of the nucleus. In which case they may 
be secretions, perhaps closely related to chromatin, or even direct 
transformations of this substance. It is well known that the 
nucleus has wonderful constructive powers, when the amount of 
chromatin and other nuclear substances may be immensely 
increased, facts that are especially well illustrated at reproductive 


periods of the plant’s life as during sporogenesis and gameto- 
genesis. 
Chromatin is the only substance in the nucleus that is constant 
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in its presence throughout all periods in every cell’s history. 
It passes on from cell to cell through the mechanism of nuclear 
division without interruption. There are periods of cell history 
when the nucleus consists only of chromosomes as in the stages 
of nuclear division called mataphase and anaphase. The other 
structures ‘of the nucleus have their relation to definite condi- 
tions that are in part understood. The nuclear membrane 
probably results from the reaction of the cytoplasm to the secre- 
tion of nuclear sap among the chromosomes (Lawson, :03 @). 
It would then be strictly cytoplasmic in character and similar to 
the plasma membranes around vacuoles. Nucleoli must be 
regarded as temporary structures since they generally disappear 
during nuclear division either dissolving or else passing out into 
the cytoplasm where they may remain for long periods as deeply 
staining globules (extra nuclear nucleoli). Linin is believed to 
be derived from chromatin and in its turn may be transformed 
into the substance of spindle fibers, which are cytoplasmic, so 
that chemically it holds a position somewhat intermediate between 
chromatin and cytoplasm. It seems established that the linin 
net work is a temporary structure related to the activities of 
chromatin. 


(b) The Plastids. 


These very interesting structures, characteristic of plant cells, 
have not received the degree of attention that they deserve 
and much valuable work may be done in the detailed study of 
their protoplasmic structure and activities at various periods of 
ontogeny especially through the series of changes that are 
presented during developmental processes. 

The primitive types of plastids are relatively large structures, 
often solitary in the cells, and generally of complex form. 
These are called chromatophores and are characteristic of many 
algze especially among the lower groups but are not found above 
the thallophytes (Anthoceros and Selaginella excepted). 

The chromatophores of the simplest algze are replaced in most 
of the higher types of these thallophytes and in all groups 
above by very much smaller structures, generally discoid in 
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form, which are called chloroplasts when green, chromoplasts 
when the color is other than green or leucoplasts if colorless. 
These plastids are without doubt derived from the more primitive 
chromatophores. 

The colors of chromatophores are various. They are believed 
always to contain some chlorophyll but this green is frequently so 
completely masked by other pigments that its presence can only 
be determined when the additional coloring matters have been 
extracted. Chloroplasts are universally green except when they 
may be changing into chromoplasts. Chromoplasts generally 
take their tint from the pi-cominance of other strong pigments 
in addition to chlorophyll as phyccerythrin in the red and phyco- 
phzin in the brown algz. But chromoplasts may be derived 
from chloroplasts whose green has largely or wholly disap- 
peared leaving other pigments present as the yellow, xanthophyll, 
or the orange red, carotin. 

The remaining plastids, leucoplasts, are devoid of color and 
are found in embryonic regions such as eggs, growing points, 
and in the various tissues of seeds, underground organs and 
other structures where the cells are largely or wholly removed 
from sunlight. The leucoplasts may become green upon expo- 
sure to light thus changing into chloroplasts. They are respon- 
sible for the secretion of reserve starch in many structures (e. g. 
potato) and in consequence have been called amyloplasts. 

Leucoplasts, chloroplasts and chromoplasts are morphologically 
the same structures. It is well known that they may pass one 
into the other in the order indicated and that chloroplasts and 
chromoplasts may lose their color and become leucoplasts. It is 
generally believed that plastids are not formed de nove. They 
divide by: constriction and thus multiplying are passed on from 
cell to cell and it is believed from generation to generation. 
They are therefore usually ranked as permanent organs of the 
cell. However, it is but fair to call attention to the fact that 
there are some serious difficulties in the way of a complete 
acceptation of these views. 

The protoplasmic structure of the plastids of higher plants 
is rather simple while that of the chromatophores in algz is 
more complex since they contain a special organ termed the 
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pyrenoid. The detailed structure of chromatophores was first 
described by Schmitz (82) and of plastids by Meyer (’83). 
The most complete study of plastids however is that of Schimper 
(85). The body of the plastid is always denser than the sur- 
rounding cytoplasm. It has a porous structure that is only 
visible under high magnification and there are sometimes present 
very delicate fibrils. The coloring matter, oily in consistency, 
is held in the pores as minute globules. The plastid may 
therefore be compared to a very fine-textured sponge saturated 
with pigment. All of the coloring matter of the plastid may 
be readily extracted with alcohol leaving the colorless proteid 
matrix. 

The pigments of plastids are then in the nature of secretions 
held in these specialized regions of protoplasm. Chlorophyll is 
the principal substance and, as has before been said, is almost 
always present, but the amount is sometimes so small that its 
green is completely hidden by the color of other pigments. 
Chlorophyll itself contains greater or less amounts of two other 
coloring matters that may be readily separated from the pure 
green, a yellow xanthophyll and an orange red carotin, both 
substances closely related to chlorophyll. The other pigments, 
characteristic of the chromatophores in some groups of algze, 
are however quite distinct from chlorophyll. There is phycocyan, 
found in the blue green algze (Cyanophycez), phycophzin and 
phycoxanthin, characteristic of the brown (Phzeophycee) and 
phyceerythrin of the red (Rhodophycez). 

Chloroplasts are found almost universally in green plants 
above the Thallophytes and are also present in the large group 
of alga the Siphonales and in the Charales. They are some- 
times formed very numerously in the cell, reproducing rapidly 
by fission (see Fig. 2 @ 2, 3) and lie in the layer of protoplasm 
just inside of the plasma membrane. They are sensitive to light 
and readily shift their position in the cell. Strong illumination 
results in their retreat from exposed positions to the sidewalls 
and bottom of the cell where the light is less intense. If the 
illumination be weak they may all gather on the side most favor- 
able for the reception of light. These facts are well illustrated 
by the behavior of the plastids in some of the Siphonales (e. g- 
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Botrydium), in the Rhodophycez (e. g. Polysiphonia) and also 
in the palisade cells of leaves. Chloroplasts after exposure to 
light generally contain starch but in some plants this substance 
is never formed (e¢. g. Vaucheria, Fig. 2 A 1), the first visible 
products of photosynthesis being other substances more of the 
nature of oil. It is not known whether the starch grain in the 


Fic. 2.— Plastids. @, Chloroplasts: 1 Vaucheria, with oil globules; 2 Bryopsis; 3 
moss (Funaria), in division and containing starch grains ; 4 Oxalis, with a grain of 
starch, 4, Chromoplasts: 1 Tropaeolum, epidermal cell from calyx; 2 Fucus, 3 
Callithamnion. c, Chromatophores: 1 Spirogyra, with pyrenoids (f) and caryoids 
(c); 2 Hydrodictyon, pyrenoid forming starch; 3 Nemalion; 4 Anthoceros, in divi- 
sion and containing starch. d@, Leucoplasts: 1 Phajus, plastid and starch grain at 
the side of the nucleus; 2 Iris, from root and containing oii globules; 3 Iris, in 
deeper cells of root, with starch grains. After Meyer, Strasburger, P.lla, | imber- 
lake and Schimper. 


chloroplast results from the direct change of some of the pro- 
teid substance or whether it is a secretion. The conditions 
are somewhat different when pyrenoids are present in a chro- 
matophore as will be desc "+ 4 presently. 

The chloroplasts of higher plants may change color under 
various conditions and become chromoplasts. Some of the best 
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examples are found in the colored cells of certain floral parts 
and fruits (Fig. 2, 61). These pigments are generally either 
xanthophyll (yellowish) or carotin (orange red). Chloroplasts 
may also turn brown especially in older cells that are losing their 
contents. The colors of some leaves and flower parts are due 
not to the plastids but to substances dissolved or otherwise held 
in the cell sap of the vacuoles. The brilliant coloration of 
autumn foliage is of this character as well as some of the tints 
of petals, hairs and other structures. The chromatophores of 
the higher brown Algz (Phzophycez) and most of the red 
{Rhodophycez) have the discoid form characteristic of chloro- 
plasts (Fig. 2 6 2, 3). They might be called phzoplasts and 
rhodoplasts if one wished to classify plastids according to their 
color. 

The structure of chromatophores is frequently complicated by 
the presence of pyrenoids which may be quite numerous in the 
body. These structures are denser regions of the chromatophore 
with a definite boundary. They are proteid in character and 
are known to vary in size with nutritive conditions and may 
completely disappear if the cell is starved. They have been 
regarded as masses of reserve proteid material but certain func- 
tions of great importance are also associated with them. The 
arrangement of starch grains in the chromatophores of many 
algze is clearly around the pyrenoids as centers. For this reason 
they have been called amylum centers. Timberlake (:01) has 
recently shown in Hydrodictyon that segments are split off 
from the pyrenoids (see Fig. 2, ¢ 2) and changed directly into 
starch grains which naturally lie for a time close to the source 
of their formation and only later become distributed throughout 
the chromatophore. It is probable that similar conditions will 
be found in other algze (Conjugales, Protococcales, etc.) and we 
may soon have a much clearer understanding of the pyrenoid. 
The indications are that the pyrenoid will prove to be a region 
of the chromatophore differentiated as a metabolic center, more 
or less prominent according to conditions of nutrition, and that 
its most conspicuous activity is the formation of starch by the 
direct transformation of portions of its substance. 

Some other structures besides the pyrenoids have been 
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described by Palla (’94) in the chromatophores of several of the 
Conjugales and have been named caryoids. Caryoids (Fig. 2, 
¢ 1) are smaller and more numerous than pyrenoids and are 
distributed irregularly in the chromatophore but chiefly along 
the edge. Their function is not known. , 

The leucoplasts complete the list of plastid structures. They 
are colorless and may be found in underground or other portions 
of the plant removed from light or where there is little or no 
photosynthetic activities as in embryo sacs, seeds, growing points, 
etc. They become impregnated with chlorophyll under condi- 
tions suitable for photosynthesis thus changing into chloro- 
plasts. An important function of the leucoplast is the forma- 
tion of reserve starch in various parts of the plant. The more 
recent investigations of this process (Meyer, ’95, Salter, ’98) 
claim that it is in the nature of a secretion within the substance 
of the leucoplast. This view is opposed to the older conceptions 
(Schimper, 81, Eberdt, ’91), which regarded the starch grain as 
formed by the direct change of proteid material in the plastid. 
In view of Timberlake’s (: 01) studies on the pyrenoid of Hydro- 
dictyon we may well hesitate to fully accept the views of Meyer 
and Salter and ask for further investigations of this very difficult 
subject. In addition to starch leucoplasts may contain proteid 
crystals and oil globules. 

The reproduction of plastids and their evolutionary history 
in ontogeny and phylogeny offers a very attractive field for 
research. It is well known that plastids multiply by fission and 
it is generally believed that they never arise de novo but are 
passed from generation to generation as permanent organs of 
the cell. The process of division may be very favorably studied 
in the spore mother-cell of Anthoceros (Fig. 2, ¢ 4). The fission 
begins (Davis, ’99) by a constriction at the surface as though 
the bounding membrane of cytoplasm exerted pressure upon an 
elongating structure. There is no evidence that the interior of 
the chloroplast undergoes any changes that could assist the 
process further than a possible tendency of the two separating 
portions to gather their substance together as division proceeds. 
The conditions suggest that the division is a mechanical separa- 
tion of material too bulky for the best advantages of the cell, 
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for the proper balance of protoplasmic elements in narrow 
confines, a division prompted by the activities of the cytoplasm 
rather than emanating from within the plastid. 

The view of the permanence of the plastid as a cell organ has 
received its strongest support from the classical work of 
Schimper (’85). We are not prepared to deny it and to assert 
that the plastid may arise de nove. Yet those who study the 
cells of embryonic tissues and reproductive phases know that it 
is extremely difficult to follow the plastids and that these 
structures require other than the usual methods of cell research 
to establish their presence. Several writers (Eberdt, Dangeard, 
Husek and others) have expressed their belief that plastids may 


-arise de novo but no one has thoroughly traced the appearance 


or disappearance of these structures in any cells. 

The plastid in phylogeny has never received the attention that 
it deserves. Beginning with the conditions among the Cyano- 
phyceze and the lowest Chlorophycez (which will be further 
discussed in Section VI) we find the pigment distributed so 
generally throughout the cell that it is doubtful if the term 
chromatophore should ever be applied to regions so indefinite in 
outline. Above these groups the pigment is confined to propor- 
tionally smaller areas in the cytoplasm and these become 
chromatophores when their form is clear. The primitive chro- 
matophores were solitary and filled a large part of the cell. 
The pyrenoids arose in the chromatophores probably as the 
result of the influence of metabolic centers upon the protoplasm. 
It is scarcely possible that a large chromatophore should be 
absolutely homogeneous throughout; there would develop one 
or more centers of metabolic activity and such would exert some 
influence on the form of the protoplasm. 

But the large single chromatophore does not seem to be the 
form best adapted to the work of a cell perhaps, if for no other 
reason, because it requires a mechanical adjustment of other 
cell organs to itself and would interfere with the quick circula- 
tion of material and the general balance of cell activities. 
It seems possible that mechanical difficulties may have led to 
the division of large chromatophores and the substitution of 
numerous small plastids. This change was instituted in the 
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higher members of the Phzophycez and Rhodophycez and in 
the Siphonales, Charales, Cladophoraceze and some smaller 
groups of the Chlorophyceze. The Conjugales whose chromato- 
phores are especially elaborate have cells essentially solitary in 
their life habits and with a very remarkable adjustment of the 
cell organs to one another to give almost perfect symmetry. 
With the splitting up of the chromatophore came the loss of the 
pyrenoid and the final result was the compact plastid so charac- 
teristic of plants above the thallophytes. 


(c) Cytoplasm. 


There is no region of the plant cell that maintains such varied 
relations to its environment and performs so many visible 
activities as the cytoplasm. For this reason the accounts of its 
structure and behavior have been diverse and there has developed 
a nomenclature of its parts that is confusing and somewhat 
difficult to harmonize. 

Strasburger has for many years (since 1892) employed the 
term kinoplasm to distinguish an active portion of the cytoplasm 
(concerned with the formation of spindle fibers and other 
fibrilla, centrospheres, centrosomes, cilia, plasma membranes, 
etc.) from more passive nutritive regions which he called tropho- 
plasm. Kinoplasm corresponds closely to the archoplasm of 
the animal cell (Boveri, 1888). This classification has been 
criticised especially by Pfeffer (:00) on the ground that it 
employed names signifying physiological differences when the 
distinctions as far as we know are those of morphology alone. 
However the physiological behavior of kinoplasm and tropho- 
plasm becomes very real to anyone who studies extensively cell 
activities and the morphological characters serve to emphasize 
these peculiarities. The truth seems to be that cell studies 
cannot be pursued from the standpoint of physiology or mor- 
phology alone but must combine these attitudes. And in the 
union it is hardly possible or perhaps desirable to construct 
a terminology with strict regard to either field of study. We 
shall use the terms kinoplasm and trophoplasm grouping the 
various cytoplasmic structures under these heads. 
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Cytoplasm has surface contact with three conditions and in 
each case there is present a delicate plasma membrane, colorless 
and very finely granular, which is very different in structure from 
the cytoplasm within. The first of these three membranes is 
the outer plasma membrane, which bounding the protoplast, is 
consequently just inside the cell wall. This membrane is called 
the “hautschicht”’ by the German botanists, a word for which 
we have no exact equivalent, the term ectoplast more nearly 
expressing the meaning than any other but for several reasons 
not being very satisfactory. Since this outer plasma membrane 
lies against a moist cell wall it is virtually surrounded by a film 
of water. The functions of the cell wall in land plants and its 
developmental history indicate a close relation to the demands 
of the outer plasma membrane for a fairly uniform environment 
of moisture, a matter which will be discussed in the last section 
of these papers. 

The second form of plasma membrane surrounds the water 
vacuoles in the cell. It is very common for the plant cell to 
have a single large central vacuole containing the cell sap and 
the membrane around this was named the tonoplast by DeVries 
in 1885. DeVries believed that this vacuole reproduced itself 
by fission with each cell division and consequently was a perma- 
nent organ of the cell. It is, however, now well known that the 
large central space containing cell sap is not different from other 
vacuoles, indeed is frequently formed by the flowing together of 
several small vacuoles as smaller soap bubbles unite in the froth 
to form a larger one A vacuolar plasma membrane is of course 
bathed by water since it holds the cell sap and its relation to a 
moist surface is therefore more evident than in the case of the 
outer plasma membrane. 

The third plasma membrane encloses the nuclear sap with the 
protoplasmic nuclear elements chromatin, linin and the nucleolus. 
This nuclear membrane was discussed in connection with the 
nucleus of which it is generally considered a part, but as there 
stated, the evidence largely indicates that it is cytoplasmic in 
character, representing a reaction of this protoplasm to the fluid 
nuclear sap formed around the chromosomes in the daughter 
nuclei after each division (Lawson :03*). The nuclear sap 
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necessitates the development of a vacuole which becomes 
bounded by the nuclear membrane. The nuclear membrane 
in some cases at least differs from a vacuolar membrane in 
being easily distinguished from the surrounding cytoplasm as 
a definite film. 

The structure of all the plasma membranes is much the same 
as far as the microscope may determine. The protoplasm is 
dense, colorless and filled with very minute granules (micro- 
somata). There are no large inclusions such as plastids, parti- 
cles of food material (starch, proteids, oils, fats, etc.), mineral 
matter or waste products. These are all held well within the 
cytoplasm between the outer plasma membrane and the vacuoles. 
There is good reason to believe that the substance of all plasma 
membranes is much the same since they perform very similar 
activities both in relation to the fluids that bathe them and also 
because their substance in certain cases becomes the proto- 
plasmic basis of cellulose walls. These resemblances are well 
established for the outer plasma membrane and that which sur- 
rounds the vacuoles. Thus, the capillitium of Myxomycetes 
(Strasburger, ’84) is formed from the plasma membranes around 
the vacuoles after the same method as a cell wall from the outer 
plasma membrane. And again, during cleavage by constriction 
(see section II) in the plasmodium and sporangium of the molds 
(Harper, ’99 and : 00, D. Swingle, : 03), vacuoles fuse with cleav- 
age furrows from the outer plasma membrane to form a common 
membrane which surrounds each spore mass and secretes a wall, 
thus showing identity of function and structure. The resem- 
blances are less conspicuous for the kinoplasm of the nuclear 
membrane, only appearing indirectly with certain events of cell 
division (the formation of the cell plate) which will be discussed 
in the next section of the paper. The evidence indicates that 
the three plasma membranes are all kinoplasmic in character, a 
generalization of some importance since it offers explanations of 
many peculiar cell activities to be described later. 

Since all plasma membranes have these common characters it 
may well be questioned whether an elaborate terminology is 
justified for structures so closely related. The ternis ectoplast 
and tonoplast seem undesirable since they were meant to indi- 
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cate peculiarities of structure and a degree of permanence as 
cell organs that is not actually present. It seems hardly neces- 
sary to define the plasma membranes further than by their posi- 
tion in the cell as the outer, vacuolar and nuclear membranes. 

All of the cytoplasm bounded by the plasma membranes with 
the exception of certain conditions to be described later (centro- 
spheres, centrosomes, asters, filarplasm and blepharoplasts) may 
be called trophoplasm since it contains structures and substances 
especially concerned with nutritive functions. Trophoplasm 
presents an Open organization in sharp contrast to the dense 
kinoplasm. This peculiarity is due in part to numerous small 
vacuoles which give a spongy appearance to the usual foam like 
structure and is further complicated by the inclusion of material 
not strictly a part of the protoplasm in the form of various sized 
granules. There are sometimes present fibrilla that impart a 
somewhat fibrous texture. We cannot discuss here the theories 
of the structure of protoplasm, which has not been so extensively 
studied in plants as among animals, further than to point out 
that it varies considerably in different regions of the cell in 
relation to peculiarities that will be described later. There is 
sometimes presented very typically the foam structure of 
Biitschli but the introduction of small vacuoles generally gives a 
spongiose appearance. This subject is critically reviewed by 
Fischer, ‘99, and has also been treated in several papers of 
Strasburger especially int ’97. 

Three well differentiated organs of the cell, probably tropho- 
plasmic in character, require special mention, v7z., coenocentra, 
nematoplasts and physodes. Coenocentra are very interesting 
protoplasmic centers found in the oogonia of certain coenocytic 
fungi among the Saprolegniales and Peronosporales during 
oogenesis. They appear just previous to the differentiation of 
the eggs as small bodies sometimes with delicate radiations (see 
Fig. 3, a and 8, /), and are found one in each egg origin. They 
are apt to increase in size as the eggs mature and evidently 
become the centers of the metabolic activities of the cells, 
drawing the sexual nuclei into their neighborhood where the 
latter increase in size (Fig. 3, @ 2). The coenocentrum dis- 
appears in the ripe odspore and is consequently an evanescent 


i} 

Hi 

i 

i 

cw 
| 
i 


No. 449] STUDIES ON THE PLANT CELL. 385 


structure. It is probably the morphological expression of a 
dynamic center in the egg. Ccenocentra have been known for 
several years and have been given especial attention in the 
recent investigations of Stevens, ’99 and ’o1, and the author 
(Davis, :03). They will be further considered in our account of 
Coenogametes (Section ITT). 

Nematoplasts are exceedingly small rod or thread like 


Fic. 3.— Cytoplasmic structures. a@, Coenocentra of Saprolegnia; 1, odgonium, each 
egg origin with a coenocentrum; 2, coenocentrum and nucleus from mature egg. 
6, Nematoplasts from hair of Momordica. c, Nucleus from apical cell of Sphaceia- 
ria, aster with centrosome. ad, Nucleus from odgonium of Fucus, aster with centro- 
sphere. e, Nucleus from germinating spore of Pellia, centrospheres with short 
cytoplasmic radiations (aster like). 4, Nucleus from procambium cell of Vicia, kino- 
plasmic caps. g, Pollen mother-cell of Lilium, filarplasm in form of multipolar 
spindle. 4, Development of sperm of Gymnogramme; 1, blepharoplast at side of 
sperm nucleus; 2, blepharoplast elongating and developing cilia; 3, mature sperm, 
blepharoplast and nucleus in parallel bands, cytoplasmic vescicle below. After 
Zimmermann, Hof, and Belajeff. 


structures reported by Zimmermann (’93, p. 215) in the cells of 
hairs of Momordica and the root of Vicia (see Fig. 3B). It is 
probable that organs described by Swingle, '98, and Lagerheim, 
99, under the names of vibrioides are the same as or closely 
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related to physodes. Swingle found them in some of the 
Saprolegniales and certain Rhodophycez and Lagerheim in 
Ascoidea. They are probably not uncommon. Nematoplasts 
may be proteid crystals but there is evidence that they move, 
bending slowly back and forth, which suggests a higher degree 
of organization. They should be further studied. 

Physodes are bladder like structures described by Crato, ’92, 
in certain brown Alge. They contain a highly refractive sub- 
stance which gives them a very different appearance from 
vacuoles whose structure they resemble in many respects. 
Very little is known about the contents of physodes and it may 
well be questioned whether they are really organs of the cell 
and not vacuoles set apart to hold some fluids or substances 
other than cell sap. 

There are left for us a group of kinoplasmic structures that 
are especially prominent and sometimes only present during the 
events of nuclear division and at the times when cilia are 
formed. They will be discussed in later sections of these papers 
(Sections II, III, V and VI) and at this time we shall give but 
a brief statement of their appearances. They are centrospheres, 
centrosomes, asters, filarplasm and blepharoplasts. 

Centrospheres are rather large areas of kinoplasm that some- 
times lie at the poles of nuclear figures and to which are 
attached the fibrillaz that form the spindle and also those that 
may radiate into the surrounding cytoplasm. If the centro- 
sphere contains a distinct central body, or if such a small 
structure be present alone at the poles of the spindle it is called 
a centrosome. Should either structure. be accompanied by 
definite fibrillar radiations the whole is termed an aster. These 
latter conditions are sometimes very complex and are the most 
interesting types of structures. Asters with centrosomes are 
known for the brown algz in the growing points of Sphacelaria 
(Fig. 3c), Stypocaulon (Swingle, ’97) and the spore mother cell 
of Dictyota (Mottier, :00). They are also beautifully shown in 
certain diatoms (Lauterborn, principal paper ’96, Karsten, : 00). 
Asters with centrospheres and occasionally but not constantly 
containing centrosome-like bodies are found in the oogonium 
and germinating eggs of Fucus, see Fig. 3, d (Strasburger, ’97*%, 
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Farmer and Williams, ’98). Especially well differentiated asters 
with centrospheres are present during the mitoses in the ascus, 
functioning at the end in the peculiar process of free cell 
formation (Harper, ’97). Large centrospheres accompanied by 
radiations are present during the germination of the spores in 
certain Hepaticee (Farmer and Reeves, ’94, Davis, :o1, Cham- 
berlain, :03), but are less conspicuously shown in some and are 
entirely absent in other phases of the life history. Remarkably 
large centrospheres with inconspicuous radiations are known in 
the tetraspore mother cell of Corallina (Davis, ’98). Centro- 
spheres occur in the basidium (Wager, ’94, Maire, :02). Cen- 
trosomes have been reported during the mitoses in the 
sporangium of Hydrodictyon (Timberlake, :02). Centrosomes 
have also been described in other types of the thallophytes but 
we are justified in asking for further work on these bodies 
since they are generally without raditions and may not have at 
all the significance indicated. Neither asters, centrospheres or 
centrosomes seerii to be normally present in groups above the 
bryophytes, nuclear division taking place in these plants by 
methods, not found in other organisms, which will be described 
in succeeding sections. 

Vegetative and embryonic tissues of plants above the thallo- 
phytes present very different conditions from those described in 
the foregoing paragraph. The centrosphere is replaced by a 
less definite structure in the form of a kinoplasmic cap which 
appears at the ends of the dividing nucleus and determines the 
poles of the spindle (see Fig. 3, 7). They have been described 
in the cells of vegetative points of several pteridophytes and 
spermatophytes by Rosen, ’93, Hof, ’98, and Nemec, ’99 and: o1, 
and in the seta and late divisions in the germinating spore of 
the liverwort Pellia (Davis, : 01). 

The most highly developed conditions of spindle formation 
are found in the spore mother cells of the bryophytes, pterido- 
phytes and spermatophytes. Here the nucleus becomes 
surrounded by a weft of fibrillaz which form a kinoplasmic 
envelope probably derived in part from the nuclear membrane. 
The fibrillz are at first quite independent of one another or of 
common centers. Most of the fibrillz enter into the spindle 
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which may in the beginning have several poles (see Fig. 3, ¢), 
but these generally swing at last into a common axis so that 
the spindle finally becomes essentially bipolar. The term 
filarplasm is applied to this free fibrillar condition of kinoplasm 
without organized centers. Filarplasm is peculiar to plant cells 
and its remarkable activities in connection with multipolar 
spindles have only been found in groups above the thallophytes. 
Centrospheres, centrosomes and asters among the lower plants 
resemble in general the same structures in the animal cell. But 
filarplasm presents a higher form of kinoplasmic structure with 
perhaps the most complex activities known in the process of 
spindle formation. We shall consider them especially in Section 
III when treating the spore mother cell. 

The blepharoplasts are in some respects the most complex 
structures derived from kinoplasm. They are most conspicuous 
in the sperm cells of higher plants (spermatophytes and 
pteridophytes) but they are undoubtedly present in lower 
forms and probably in zoospores. The blepharoplast develops 
cilia as delicate fibrillze from its surface. The origin and homol- 
ogies of the blepharoplast are uncertain. In some forms they 
resemble centrosomes at the poles of the last nuclear figures in 
sperm tissue. But in other cases they are entirely independent 
of such spindles, a character which cannot be brought into 
harmony with the activities of centrosomes. They finally lie 
one at the side of each sperm nucleus, see Fig. 3, 2, and with 
the development of the sperm they follow the spiral twist, when 
present, as a parallel band (Fig. 3, 2, 2 and 3). This structure 
will receive detailed treatment in our account of the sperm 
(Section ITT). 


2. Non Protoplasmic Contents. 


It is not possible to distinguish with certainty all the non- 
living material of a cell from its protoplasm. We have at one 
extreme cells from which the protoplasm has almost or wholly 
disappeared and which are either entirely empty or set apart 
solely as receptacles for various substances, sometimes waste 
products and sometimes food materials. In contrast with this 
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condition are the cells filled with cytoplasm so homogeneous in 
structure that only the most delicate granules (microsomata) can 
be distinguished in the clear substance. 

Waste products such as mineral matter, resins, certain oils, 
solutions of tannin and various poisons, such as the alkaloides, 
may be easily recognized. Most food substances such as starch, 
proteid grains (aleurone), albumin crystals, oils, fats, etc., are 
readily separated from the protoplasm in which they lie. But 
the difficulties are much greater with the smaller particles of 
proteid material, which are frequently such minute granules as 
to approach the microsomata in size. These may give to the 
protoplasm a granular consistency that breaks up the foam or 
spongiose structure characteristic of the pure condition. These 
granules are undoubtedly in most cases substances intimately 
concerned with the metabolism of the cell and are members of 
the chains of constructive and destructive processes that charac- 
terize life phenomena. 

The other non protoplasmic structures of cells are vacuoles 
which are essentially bubbles of fluid lying in the denser proto- 
plasmic medium and surrounded by plasma membranes. The 
watery fluid of vacuoles contains various substances in solution, 
carbohydrates such as the sugars glucoses and inulin, mineral 
salts, asparagin, tannin, alkaloids, etc., and occasionally oil and 
not infrequently crystals. Vacuoles may be formed in large 
numbers in protoplasm. They tend to run together as do 
bubbles in a froth and in this way the large central vacuole 
becomes established in the cell, gathering to itself many smaller 
vacuoles until the protoplasm is forced to lie as a relatively thin 
layer next the cell wall. The fluid in the central vacuole (cell 
sap) is generally thinner and more watery than that in the 
smaller vacuoles. The latter are apt to be more rich in albumen 
which may be transformed into proteid grains as is especially 
well illustrated in the secretion of aleurone. Cell sap may be 
colored by pigments in solution and the tints of flowers are 
largely due to this cause alone or to the effects of its color in 
combination with various plastids in the cell. 

It is possible that physodes, described among the cytoplasmic 
structures, are in reality vacuoles filled with substances other 
than cell sap, which are not as yet understood. 
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3. The Cell Wall. 


Many of the chief peculiarities of plant organization and 
activities are due to the presence of the cell wall, its influence 
on structure and mode of life. The cell wall is not an excretion 
from the cell like a mineral shell but is formed by the direct 
change of portions of the protoplasm. The regions concerned 
may be the outer plasma membrane, the vacuolar plasma mem- 
brane or the substance that makes up the spindle fibers which 
form the cell plate. These structures are all kinoplasmic in 
character and have to do with the formation of cell walls in 
various ways which will be described in Section II under the 
topic “ The Segmentation of the protoplasm.” The transforma- 
tion of finely granular films of kinoplasm into cellulose is not 
well understood but there is an evident solution of the granules 
(microsomata) and the change of the resultant substance into 
the cell wall. As a chemical process this change means the 
replacement of molecules of an albuminous nature by those of a 
carbohydrate substance. The most complete account of the 
cell wall is that of Strasburger, ’98. 

Cell walls are chiefly composed of cellulose, but other sub- 
stances are always present, modifying the structure in various 
ways to give widely different properties. These modifications 
are generally due to infiltrations of foreign substances but some- 
times cell walls become incrusted with mineral deposits. The 
group of cellulose compounds is very large and it is extreniely 
difficult to identify the various substances in structures so small 
as the cell walls. For a detailed treatment of the chemistry of 
the cellulose group the reader is referred to Cross and Bevans, 
95, and for a general account to Pfeffer, :00, p. 480-485. There 
are microchemical tests for cellulose that give good reactions 
for most tissues but which cannot be relied upon for some walls 
(as in fungi and many algz) yet it is well understood that the 
cell walls of these organisms are from the biological point of 
view essentially the same as for other plants. The cell walls of 
some fungi are very largely composed of chitin. 

Several substances known to be present in cell walls give 
them marked characteristics. Their association with the cellu- 
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lose is so intimate as to resist very severe treatment and there- 
fore these cell walls are essentially cellulose groups modified 
chiefly in their physical properties by the presence of foreign 
substances. The most conspicuous modifications of this charac- 
ter are lignification, suberization and cutinization. Lignified 
walls are permeable to water and gases. Several substances 
have been separated from the cellulose of lignified walls, among 
them lignone, coniferin, vanillin, etc. Suberized and cutinized 
walls are largely but probably never wholly impervious to water 
and gases; the one is infiltrated with suberin and the other 
with cutin, substances that resemble one other very closely. 
Even walls that appear to be pure cellulose have other sub- 
stance united with them, the most important being pectose and 
callose. Cell walls frequently become gelatinous or mucilaginous, 
when the outer layers swell and lose their form or they may be 
transformed into gums. These changes are well illustrated in 
the coats of seeds and fruits and among the alge and fungi. 
The cells of algze frequently secrete gelatinous envelopes or 
sheaths of substances so closely related to cellulose that were 
they condensed they would form a firm cell wall. 

The cell wall may grow in two directions by methods quite 
different from one another. There is first surface growth 
which results in a stretching of the cellulose membrane (growth 
by intussusception). And second there may be growth in thick- 
ness by the formation of successive layers of cellulose inside of 
one another, giving the wall a striated structure (growth by 
apposition). The second type of growth is chiefly interesting 
since it makes possible many peculiarities of structure, because 
the newly formed layers may not be deposited uniformly inside 
the primary wall. In some cells the secondary thickenings 
have the form of rings or spirals or a reticulate structure. The 
reticulate condition passes insensibly into the pitted cell in which 
the secondary layers cover the greater part of the surface leav- 
ing the primary wall only exposed at the pits. Further dis- 
cussion of these cells falls more within the range of histology 
than the purposes of this paper. 

The cell wall offers a very interesting field of research among 
the thallophytes and especially in the lower groups where we 
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may expect to find these envelopes in a fairly primitive con- 
dition and may be able to establish the steps in the origin and 
differentiation of this very important accessory structure to the 


plant cell. 
(70 be continued.) 
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NOTES AND LITERATURE. 
GENERAL BIOLOGY. 


Plankton of the Illinois River.!-— Probably the most extensive 
study of the plankton of any inland waters is contained in Kofoid’s 
report on the organisms of the Illinois river for the years 1894 to 1899. 
The period of minimum productivity of plankton is January and Feb- 
ruary; this is followed by rising productivity which reaches its 
maximum in April, after which there is a gradual decline to win- 
ter conditions. Area and depth showed little relation to plankton 
production. Young waters from springs and creeks contain little 
plankton, but these waters when impounded in backwater reservoirs 
develop an abundant plankton. Fluctuations in hydrographic condi- 
tions, temperature, and light affect plankton production. Submerged 
vegetations tends to diminish the production of plankton. The 
plankton of the Illinois River is largely autonomous and may be esti- 
mated at 67,750 cubic metres. The annual variations in this and in 
the river fisheries show some correlation. 


Where did Life begin ??— A second edition of Scribner’s little 
book, which attempts to locate the region where life first appeared on 
the globe. has just been issued. The argument, now familiar to most 
readers, turns on the gradual cooling of the earth’s crust. Naturally 
the first parts cooled would be the polar regions and here life may 
have first originated. No good reason is given for selecting the 
northern rather than the southern regions as the real centre nor is the 
question of land and water in these regions sufficiently considered. 
Since primitive organisms were without doubt water-inhabiting, the 
possibility of a land-covered surface in the region where they were 
supposed to originate is not without significance. Inconclusive as 
the argument really is, the whole treatment of the subject is sugges- 
tive and stimulating. 


1 Kofoid, C. A. The Plankton of the Illinois River, 1894-1899. Pt. I. Quan- 
titative Investigation and General Results. Bull. 1. State Lab. Nat. Hist., Vol. 
7, Art. 2, pp. 95-629, 50 pls. 

? Scribner, C. H. Where did Life Begin? New York, Scribner’s, 1903, 12vo. 
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Bermuda. — The account of the Bermuda Islands by Professor 
A. E. Verrill’ already issued in the Zransactions of the Connecticut 
Academy of Science has been published by the author as a separate 
volume. After a general description of the islands, their physiog- 
raphy and meteorology are considered and this is followed by a 
lengthy description of the changes in fauna and flora due to man. 
The geology and marine zodlogy will appear in another volume. 
The body of information thus brought together will be invaluable to 
the future student of these interesting islands. 


Morgan on Evolution and Adaptation.” — A new book on evolu- 
tion might at first thought seem superfluous, in view of the already 
enormous literature on this subject, but advancement in knowledge 
calls for the presentation of fundamental principles in new lights, and 
no one who examines this book will find it wanting in food for 
thought. ‘The general reader will find in it a convenient summary of 
the older views and discussions about evolution, with extensive quota- 
tions from the classical writings of Darwin, Weismann, and others. 
The new point of view, which especially interests the student and 
justifies the volume in his eyes, is that taken by Bateson (1893) in 
his Materials for the Study of Variation, and by deVries (1901-3) 
in his Mutationstheorie. From this standpoint evolution is not a 
continuous but a discontinuous process, in which advance is made by 
distinct steps. New species do not arise by the slow cumulation of 
fluctuating individual variations in a particular direction, but are born 
full fledged. A new species thus produced, which deVries calls a 
mutation, differs from the parental species at first, perhaps, in only a 
single respect. It possesses some new character not seen in the 
parents, or it lacks altogether some character possessed by the par- 
ents. It breeds true to its own distinctive character, if separated 
from the parent species, or if not so separated may interbreed 
freely with it. But when such interbreeding occurs the offspring fall 
into two distinct classes, one resembling each parent form. Natural 
selection now comes into operation to decide, not between one indi- 
vidual and another, but between the two specific forms, that one being 
favored which is best adapted to its environment, the other being 
eliminated, or possibly being allowed to survive ina different envi- 


1Verrili, A. E. Zhe Bermuda Islands, New Haven, published by the author, 
1902, 8vo, x + 548 pp., 38 pls. 

2 Morgan, T. H., Avolution and Adaptation. New York, Macmillan, 1903. 
8vo, 410 pp. 
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ronment. Thus mutation may multiply species without necessitating 
the extinction of any or requiring the erection of barriers spacial or 
physiological between the new form and the old one to prevent the 
swamping of the new form by crossbreeding. A real obstacle to 
the older ideas about evolution has thus been removed by fuller 
knowledge of the laws of inheritance of mutations. 

Though a mutation differs from the parent species at first in a 
single character only, the number of differences is likely to increase, 
for one mutation ieads to another, as observation clearly shows. Ac- 
cordingly natural selection is presently called upon to make a choice, 
not simply between ¢wo alternative forms, but among several distinct 
and mutually exclusive types, some one of which will be better 
adapted to a particular environment than any other. 

The adaptations of organisms are almost endless and involve the 
most minute details of structure and function, yet the two principles 
of mutation and of exclusive inheritance are sufficient, in Morgan’s 
opinion, to account for them all. Natural selection acting merely on 
the fluctuating variations of individuals fails to do this. 

In justice to Darwin it should be said that the mutation or sport 
forming tendency of species was distinctly recognized by him, but 
he attached less importance to the process than do Bateson and 
deVries. The position taken by these writers, and emphasized by 
Morgan, is that mutations are the exc/usize source of the material on 
which natural selection acts inthe production of new species. 

A serious defect of the book from the student’s standpoint is the 


total omission of bibliographic references. 
W. EC. 


ZOOLOGY 


Zoological Investigations in the Malay Archipelago.— Under 
the auspices of the universities of Edinburgh and of Liverpool, 
N. Annandale and H. C. Robinson undertook an expedition in 
1901-1902 for anthropological and zodlogical investigations in the 
Malay Archipelago, and some of the zodlogical results of their work 
have recently appeared in two fascicles. The first contains a report 


1Annandale, N., and Robinson, H. C. Fasciculi Malayenses. Zodlogy. Parts 
I, II, and Supplement. London. Longmans, Green & Co., 4°, vii + 307 pp., 
14 pls.; xliii pp., map. 
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on the mammals by J. L. Bonhote. In the considerable list of species 
reported there are a new species of small carnivor, a new bat, a new 
squirrel, and three new species of rats. C. Swinhoe reports on some- 
thing over 250 species of moths, of which seventeen are new. Two 
land planarians, one of which is new, are described by F. F. Laidlaw, 
who also reports on the dragonflies. Three new diptera pupipara 
are recorded by Speiser. G. A. Boulenger reports 85 species of 
batrachians and reptiles, six of which are new. The tiger beetles 
are described by H. C. Robinson. 

The second part contains nine short papers: four on insects, two 
on fishes, and one each on mollusks, the mouth funnel of a _ tadpole, 
and a fossil elephant tooth. Ina report on the non-operculate pul- 
monates W. E. Collinge gives a full account of the anatomy of a new 
and very large species of Atropos; and in J. Johnstone’s paper on 
the marine fishes, an interesting description of a new species of 
Periophthalmus is given. Its life on the mud flats out of water and 
its burrows are fully described and illustrated. The fact that when 
in the air it does not respond to the report of a gun led to the con- 
clusion that it was absolutely deaf. Its eyesight both in water and 
in air was acute. 

The two fascicles were accompanied by a supplement containing 
a map and an itinerary. 


Davison’s Anatomy of the Cat.— As an introduction to the study 
of zoology and particularly to mammalian anatomy, Davison! has 
prepared an account of the anatomy of the cat. The volume, which 
contains some 250 pages with above 100 illustrations, is unsatisfac- 
torily brief and in consequence it is deficient as a description of the 
anatomy of a type and as an introduction to comparative study. 
Although brevity may have been the aim of the author and certain 
defects may therefore have been unavoidable, others are present in 
the volume for which no such excuse can be found. Thus the 
description of the gastrocolic omentum as a closed sac is wholly mis- 
leading, and the grouping together of the corpora quadrigemina, 
optic thalami, and corpora striata as basal ganglia counteracts what 
has been gained for these bodies from the standpoint of comparative 
anatomy. The facial nerve is placed without qualification among 
the pure motor nerves, and the circumvallate papillae of the tongue 
are noted as eight to twelve in number, as in man, though the figure 


1Pavison, A. Mammalian Anatomy with special Reference to the Cat. Phila- 
delphia, P. Blakiston’s Son & Co., 8°, xii-+ 250 pp., 108 figs. 
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shows six, the usual number for the cat. Defects of this kind are 
too frequent to make the book really useful in the hands of most 
beginners. 


Notes. — The action of light on organisms and the production of 
light by organisms are presented in readable form by R. Dubois in 
the second volume of the Zraité de Physique Biologiqgue. The effect 
of light on the action of enzymes, on the production and destruction 
of pigments, and on the circulation and respiration of the higher 
animal is described at some length. The influence of light on the 
movements of animals is very inadequately treated probably because 
most of the researches on this subject have come from other than 
French laboratories. Dermatophic vision and its relation to vision 
by means of eyes is fully discussed from the standpoint of Pholas. 
The production of light by organisms forms a brief, compact essay 
dealing with the photogenic bacteria, the light-producing protozoa, 
insects and mollusks. It contains interesting statements of the rela- 
tive energy values of living and mechanical sources of light and is 
illustrated by some remarkable photographs taken by light from liv- 
ing organisms. It is marred by an attempt to discriminate between 
chemical, light, and heat rays. 


A brief account of the structure of the rudimentary eyes in the 
Cuban blind snake, Typhlops lumbricalis, has been ‘published by 
E. F. Muhse in the Biological Bulletin, Vol. V, No. 5, 1903. The 
eye appears as a dark spot surrounded by an unpigmented circle 
and covered by a large ocular scale. Internally the usual parts 
can be distinguished including a well-developed lens and a retina 
in which the layers typical for snakes can be seen. 


R. Dubois last year reported to the French Academy of Sciences 
and to the Society of Biology the success of his experiment to 
acclimatize true pearl oysters on the French coast and to produce 
precious pearls by artificial means. His methods resulted in 
producing small but high grade pearls in one in ten oysters whereas 
under natural conditions it was necessary to open 1200 to 1500 
oysters to obtain one pearl. 


C. H. Eigenmann and C. Kennedy in No. 5, Vol. 4 of the 
Biological Bulletin call attention to an unusual melanic individual of 
the cave salamander, Spelerpes maculicaudus, to a catfish from Lake 
Titicaca with a branched left barbule, and to a specimen of Xiphor- 
hamphus with an additional left ventral fin. 
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BOTANY. 


The Journals. — Bulletin of the Torrey Botanical Club, February : 
Richards and MacDougal, “Influence of Carbon Monoxide and 
other Gases upon Plants”; Berry, “ Additions to the Flora of the 
Matawan Formation”; Griffiths, “Concerning some West American 
Smuts ”; Dandeno, “ Mechanics of Seed-Dispersion in Aicinus commu- 
nis”; and Howe, “ Notes on Bahaman Alge.” 


Journal of Mycology, January : — Morgan, “ A New Sirothecium ”; 
Hedgcock, “ Proof of the Identity of Phoma and Phyllosticta on the 
Sugar Beet”; Atkinson, “Notes on the Genus Harpochytrium ”; 
Kellerman, “Notes from Mycological Literature” — VIII, and 
“Index to Uredineous Infection Experiments.” 


Journal of the New York Botanical Garden, February :— Britton, 
“George Washington’s Palms ”; Small, “‘The Economic Museum ” ; 
Nash, “ Interesting Plants in Flower in the Conservatories”; Britton, 
“ Botanical Exploration of the Philippine Islands.” 


Notes. — Two interesting illustrated articles, by Massart, are pub- 
lished in the September Bulletin du Jardin Botanique de [Etat é 
Bruxelles, respectively on how perennials maintain their subterranean 
level, and how young leaves are protected against climatic excesses. 
The second is illustrated by Ducos-du-Hauron plates in red and blue 
which give a neutral tint stereoscopic effect when viewed through 
accompanying red and blue spectacles. 


An important paper by Reinke, on “ Botanisch-geologische Streif- 
ziige au den Kiisten des Herzogtums Schleswig,” is published as a 
complementary heft to Vol. 8, N. F. of the Wissenschaftliche Meeresun- 
tersuchungen published by the German Sea Commission of Kiel. 


The first part of a study of the plankton of the Illinois River, by 
Kofoid, published as Article 2 of Vol. 6 of the Bulletin of the [llinois 
State Laboratory of Natural History, forms a quarto volume of xviii 
+ 629 pages, with numerous diagrams and plates. 


Adventive bud formation on leaves of Yucca gloriosa is noted by 
Lutz in the Journal de Botanique of December. 


Nasmith writes on the chemistry of wheat gluten in No. 4 of the 
Physiological Series of University of Toronto Studies. 
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The association of lime-loving and lime-shunning plants is dis- 
cussed by Aubert in No. 147 of the Bulletin de la Société Vaudoise. 


An account of the sex-conditions and hybrids in Ribes, by Janc- 
zewski, is separately printed from the Budletin (International de Aca- 
démie des Sciences de Cracovie, of December and January. 


The rubber-fig of New Caledonia, Ficus Schlechteri, is described 
and figured by Warburg in Der Zropenpflanzer, of December. 


Cocoa: Its Production and Use, is the title of a paper by Marshall 
in the American Journal of Pharmacy, for February. 


An illustrated account of Yerba Mate — /éx Paraguayensis, by 
Metzger, is contained in Der Tropenpflanzer, for January. 


A popular article on California mistletoe, Phoradendron, with pho- 
tograms showing its occurrence on various trees, is published by 
Helen Lukens Jones in Out West for February. 


An account of useful and interesting plants of the Congo region, 
by de Wildeman, has been issued from the press of Spineux, of 
Brussels. 

A short sketch of the desert flora about Phoenix, Ariz., by Dams, 
is published in the Monatsschrift fiir Kakteenkunde, of January. 

An account of the useful plants of the Sahara desert, by Diirkop, 
forms the December number of Pezhefte zum Tropenpflanzer. 

An illustrated account of Samoa and its crops, by Wohltmann, 
constitutes Heft 1-2 of the Bethefte zum Tropenpflanzer of 1904. 

A good illustration of a utilized school garden is contained in the 
1902-3 Catalogue of the Boston Normal School. 

A portrait of Professor Farlow forms the frontispiece to Zhe Popu- 
lar Science Monthly of February. 


A portrait of Professor Peck is published as frontispiece to Vol. 1 
of the Ohio Mycological Bulletin. 
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CORRESPONDENCE. 


Editor American Naturalist: 


Dear Sir :— Prof. B. G. Wilder has: called my attention to errors 
in nomenclature and typography in my article “Oral Breathing 
Valves in Teleosts,” etc., in the American Naturalist for February. 
The observations recorded in the paper were made two years ago in 
his laboratory, under the immediate supervision of Instructor H. D. 
Reed. I supposed that acceptance of the results included sanction 
of the names employed, whereas it appears that Prof. Wilder and 
Dr. Reed intended only to commend the observations themselves, 
and took for granted that, before publication, proof would be sub- 
mitted to them. My removal to Louisiana rendered this inconven- 
ient ; I took for granted that either the manuscript or a proof would 
be submitted to the ichthyological editor of the Maturalist; finally, 
my own revision had to be done hastily and without access to books. 
Whatever their causes, the errors are deeply regretted; I realize 
“the right of scientific names to be correctly written,” and avail 
myself gratefully of the opportunity to publish the following list of 
corrections. 


E. G. MITCHELL. 


Baton Rouge, La., May 28, 1904. 


Page 153, line 5, for Macullum read Macallum. 
14, “ Eupomotus “ Eupomotis. 
154, lines 5 and 8, for drancheostegal read branchiostegal. 
“« “third line from bottom, for punctatus read gyrinus. 
last “ for Hupomotus, read Eupomotis. 
155, figure 3, second line, for C/upea, read Pomolobus. 
fourth “ “ Astrocopus, read Astroscopus. 
“ 156 fifth line from bottom, and page 157, 11th line from 
bottom, Ambloplytes gruniens, correctly spelled is Ambloplites grun- 
niens, and should be Ap/odinotus grunniens. 
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Page 157, figure 7, for 4. gruniens, read A. grunniens. 
158, for y-groecum read y-graecum. 
159, for Echensis naucratis, read Echeneis naucrates. 
160, “ predacious, read predaceous. 
161, line 25, for Amiurus, read Ameiurus. 
“28, “ Noturus gyrinus, read Schilbeodes gyrinus. 
“29, “ Noturus miurus, “  Schilbeodes miurus. 
“ 32, “ Amiurus nebulosis, read Ameiurus nebulosus. 
sixth line from bottom, for Amiurus, read Ameiurus. 
162, 14th “ for Opistheoma, read Opisthonema. 
16th “ Clupea read Pomolobus. 
18th Clupea oestivalis, read Pomolobus aestivalis. 
1gth PERCADAE, read PERCIDAE. 
21st americanum, read flavescens. 
26th Etheostoma, “ Percina. 
31st “  Ambloplytes, “  Ambloplites. 
sixth line from bottom, for Zupomotus, read Eupomotis. 
last line, for Apomotus, read Apomotis. 
163, sixth line, for auritus, read aureus. 
“ 12th “ “ Chaenobrytes gulosis, read Chaenobryttus 
gulosus. 
Page 163, 18th line Apomotus correctly spelled is Apomotis, and 
should be Lepomis. 
Page 163, line 26, for Eupomotus, read Eupomotis. 
“ 164, “ 2, “ compareé, read comparée. 
“« “lines 12 and 15, for Anatomie, read Anatomy. 


(Mo. 448 was mailed June 16, 1904.) 
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